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HE problem of the mechanisms of gastric secretion is of obvious 

academic interest. From the clinical viewpoint it is of interest 
because when we know the mechanisms of a biologic process, we usually 
are able to understand and to control variations from the normal, or 
to make an etiological diagnosis and to apply etiological therapy. Or, 
to express the idea more simply, situations arise clinically in which we 
should like to turn gastric secretion on or off at will. At the present 
time we have to be satisfied with neutralizing and buffering the secre- 
tion, or resecting the acid-secreting portion of the stomach, or replacing 
the water and acid chloride lost externally by water and salt given by 
clysis. At least we should find some harmless way to turn off a hyper- 
continuous secretion. Dr. Judd stated the problem just that way to 
me some twelve years ago when I was telling him of some of the aca- 
demie questions pertaining to gastric secretion which I was studying. 
Since that time we have made some progress. 

The subject of the mechanisms of gastric secretion is at present com- 
plicated because certain important questions cannot be answered. When 
these questions are answered, the subject will be relatively simple and 
‘an be outlined on one or two typewritten pages. Because the subject 
is now complicated, I suspect that portions of it cannot be understood 
by the unimtiated without careful study. There are portions of the 
subject that are rather simple and clear. 

It will be noted that in the physiologic approach to this problem, 
the physiologist must resort to the use of surgical methods, without the 
suecessful use of which progress in this field could not oceur. 

It is best to approach this subject by outlining the periods and phases 
of gastric secretion. For the most part these are well established and 
recognized. 


*The eighth E. Starr Judd Lecture, presented on Jan, 15, 1941, at the University 
of Minnesota Medical School, Minneapolis, Minn. 

+Nathan Smith Davis Professor of Physiology and Pharmacology, Northwestern 
University Medical School, Chicago, IIl. 

Received for publication, July 28, 1941. 
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SURGERY 
PERIODS AND PHASES OF GASTRIC SECRETION 


Gastric secretion may be divided into two periods: 

Period I. The Period of Interdigestive or Continuous Secretion.— 
This is the secretion that occurs in the absence of food from the stom- 
ach. Its amount and acidity vary. It is present in variable amounts 
throughout a fast of forty days.? Its existence was not recognized by 
Pavlov® because he thought the resting or empty stomach does not 
secrete acid, and that if acid is present, it is due to the thought of food. 
Yet, unless one recognizes that the empty stomach does secrete acid at 
periods, one will erroneously interpret the occurrence of a ‘‘spontane- 
ous’’ secretion after the introduction of an experimental procedure as 
evidence of stimulation. 

In experimental work on man and animal the continuous secretion 
should be collected for a period before any procedure is introduced, 
and the fact should be kept in mind that a small increase or decrease 
may be spontaneous. It is also important under certain conditions to 
observe the recovery of the secretory mechanism of the stomach after 
it has been stimulated. Sometimes after the stomach has emptied, it 
continues to secrete abnormal amounts of acid. 

Some patients, particularly those with a duodenal ulcer, manifest a 
‘‘hypernormal continuous secretion’’; i.e., their stomachs continue to 
secrete a copious quantity of acid juice after they have emptied.* Al- 
though the volume of the secretion may be reduced by a relatively large 
dose of atropine, the secretion is not abolished as is the normal con- 
tinuous secretion.** This suggests that in such patients some abnormal 
process is concerned, or that some process which plays a minor role 
in the normal state has been activated. It is possible that histamine 
is being produced excessively by an irritated mucosa, since the secretory 
response to the ordinary doses of histamine used is not prevented by 
ordinary doses of atropine® (for atropine action, vide infra). 

The nature of the stimuli which give rise to the continuous secretion 
of gastric juice is uncertain. The solution of the problem awaits a com- 
plete knowledge of the factors concerned in the secretory response of 
the stomach to a meal. 

Period II. The Period of Digestive Secretion.—This is the secretion 
that occurs in response to a meal. For clarity and simplicity, this 
period is divided into three phases, the cephalic, the gastric, and the 
intestinal.© -Each phase is named to denote the region in which the 
stimuli are acting to cause secretion. This assists in the analysis of the 
subject. 


PuHasE 1. THE CEpHALIC PHAsE. This phase denotes that the stimuli 
are acting in the region of the head. 


The stimuli are the sight, smell, taste, and thought’ of food and act 
in the presence of appetite through (A) conditional reflexes (the 
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‘‘psychie’’ secretion of Pavlov), which are dependent on the integrity 
of the cerebrum, and by (B) unconditional reflexes, which are not de- 
pendent on the cerebrum. An unconditional reflex stimulation of gas- 
trie secretion is analogous to the unconditional secretion of saliva when 
acid is placed in the mouth. The conditional reflex stimulation of 
gastric secretion is analogous to the conditional secretion of saliva when 
a bell is rung, or when one thinks of food or sees food. Zeliony® has 
reported that decorticated dogs do not secrete in response to the sight 
and smell of food, but do respond when they are ‘‘sham fed.’’ ‘‘Sham 
feeding’’ consists of feeding an animal with an esophagostomy; the 
masticated and swallowed food does not enter the stomach. 

The vagi contain the excitatory nerves for the cephalic phase of gas- 
tric secretion; they also contain inhibitory nerves. The splanchnic 
nerves gastric secretion. They do not conduct any of the nerve impulses 
responsible for secretion in sham feeding. They may, however, conduct 
impulses which stimulate secretion under other conditions, though this 
has not been demonstrated. 

TABLE I 


AMOUNTS OF JUICE FOR EACH PHASE 








DOG MAN 
PERIOD OR PHASE NORMAL ABNORMAL NORMAL ABNORMAL 
(C.C. ) (C.C. ) (C.C.) (0.C.) 
Continuous 0.5-4/hr. 10-30/hr. 30-60/hr. 100-360 /hr. 

? 








1. Cephalic 10-75/20 min. |500-700 in 4-6 | 50-150/20 min. 
hr,” 
2. Gastric phase 100-250/5 hr. 225-350/5 hr. 
Mechanical 20-50/30 min. ? 

Secretagogues 20-40/30 min. ? ? 

Liver extract 
3. Intestinal phase |200-300/12 hr. |600-650/24 hr.t|225-350/5 hr.? 


*Sham feeding for 4 to 6 hours, exceptional cases. Maximum rate of secretion I 
have observed in man is 11 ¢.c. per minute. Maximum rate of secretion I have 
observed in dogs is 4 ¢.c. per minute. 

+Pylorus blocked and feeding via duodenal fistula (Webster and Armour). We 
have obtained from 500 up to 1,500 c.c. of juice in 24 hours from enterectomized dogs, 
with gastric catheter and 400 c.c. Ringer’s solution every 6 hours. Atropine markedly 
reduced (about two-thirds) the volume of secretion. Operations in the upper abdomen 
stimulate gastric secretion; why, is unknown. We believe it is a “traumatic secretion” 
due to absorption of secretagogues, such as histamine. It does not take much hista- 
mine to stimulate gastric secretion; much more is required to produce shock, a con- 
dition in which secretion of acid does not occur. 

















The amount of juice (Table I) resulting from the cephalic phase is 
subject to considerable variation in the same subject. This phase is 
prevented by atropine as well as by section of the vagi. 

Some surgeons, when performing a partial gastrectomy for peptic 
uleer, have sectioned one or both vagus nerves to annul the cephalic 
phase of gastric secretion. The value of the procedure in the treatment 
of ulcer is mooted.” #1" The procedure will, if-the vagi are completedly 
sectioned, annul the cephalic phase and reduce the total secretion of 
gastric juice in response to a meal. The efficacy of the vagotomy in 
the therapy of ulcer will depend on the extents to which the cephalic 
phase contributed to the patient’s total gastric secretion, to which the 
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yarious branches of the vagi have been sectioned, and to which com- 
pensatory changes occur after vagotomy. It should be remembered 
that vagotomy causes other changes than an annulment of the cephalic 
phase of gastric secretion. Since vagotomy should decrease the total 
secretion of acid to a meal, it should have a favorable effect in prevent- 
ing postoperative jejunal ulcer. However, vagotomy would have no 
effect on a secretion due to the production of histamine by an irritated 
gastric or intestinal mucosa, the likelihood of the occurrence of which 
would be diminished as the result of a decrease in the total production 
of acid in response to a meal. The section of the vagi decreases the 
tone of the gastric musculature at least temporarily, and retards per- 
manently the rate at which solid or thick pasty foods are evacuated 
from the stomach. (a) This might tend to increase the gastric phase 
of secretion. (b) In addition, the vagotomy would prevent ‘‘acid in- 
hibition’’ of the gastric phase from the intestine from occurring, at 
least to a large extent, and these two factors, (a) and (b), may com- 
pensate for the abolition of the cephalic phase and negate the advantage 
gained by the vagotomy. Further, if the vagi contain vasodilator nerves 
which oppose the vasoconstrictor nerves in the splanchniecs, then va- 
gotomy might favor a decrease in the blood supply of the gastric and 
intestinal mucosa. Thus, the physiologist is not surprised that the 
procedure of vagotomy in operations for ulcer is mooted. It is one of 
those biologic questions in which so many positive and negative factors 
may be concerned that the answer cannot be predicted. The question 
ean only be answered by the study of clinical results and by the effect 
of vagotomy in animals that develop ulcer, such as Mann-Williamson 
dogs (gastrojejunostomy with the alkaline digestive juices diverted to 
the ileum). 


PuHasE 2. THe Gastric PHase. This denotes that the stimuli are 
acting in the stomach. 

Two types of stimulating agents applied to the stomach excite the 
parietal cells to secrete. They are: (A) mechanical distention and 
(B) secretagogues, or chemical substances of which there are two types: 
(1) those which are naturally present in food, e.g., lean meat, liver, and 
milk whey; and (2) those which arise from the digestion of food, such 
as split-protein products and possibly fatty acids. 

Mechanical distention is the only adequate type of mechanical stimu- 
lus known. Rubbing the mucosa with a glass rod, a feather, or sand 
does not stimulate the secretion of acid.* Beaumont observed secretion 
in response to distention, as did Pavlov. Pavlov attributed it to a 
‘‘psychie’’ response; the dog thought food was being placed into his 
stomach. But Pavlov did not cut the vagi to ascertain whether his 
interpretation was correct. Distention of the stomach with the vagi 
sectioned stimulates gastric secretion and hence the secretion cannot 
be ‘‘psychie”’ in origin (Fig. 1). 





IVY: MECHANISMS OF GASTRIC SECRETION 865 


Secretagogues are naturally present in meat juice and certain other 
foods. Their presence can be demonstrated by perfusing meat juice 
through a pouch of the entire stomach with the vagi sectioned (Fig. 1). 
By this means any substance can be tested for ‘‘gastrie secretagogues.’’ 
We never use more than 50 ¢.c. of an aqueous solution of the substance 
in order to avoid stimulation by distention. For example, if the stom- 
ach is distended with 150 to 300 ¢.c. of water, it will secrete, but not if 
d0 e.c. of water is continually perfused through the stomach. <A solu- 
tion of egg white perfused through the stomach does not stimulate; 
but if the egg white is digested with HCl-pepsin, and then perfused, 
stimulation occurs. If the perfusion is continued for one-half hour, 
as in our tests for secretagogues, the stomach secretes during that period 
and continues to secrete above the control level for 1.5 hours and some- 
times longer. Alcohol, 2 to 7 per cent, and histamine, 10 to 25 mg. 
in 50 ¢.c. of water, perfused through the stomach stimulates the seere- 
tion of acid. 


ENTIRE STOMACH POUCH 














Fig. 1.—A pouch of the entire stomach. All the vagus branches are sectioned, with 
the possible exception of one that leaves the right vagus and passes to the celiac 
ganglion. However, such a pouch does not manifest a “psychic secretion.” Secretion 
of such a pouch can be inhibited via the splanchnic nerves; there is no evidence that 
stimulation of acid production can occur via the splanchnic nerves. Distention of 
the pouch and perfusion with meat and liver extract and other solutions containing 
secretagogues stimulates acid production. 


PHASE 3. THE INTESTINAL PHASE. This phase denotes that the stim- 
uli are acting in the intestine. 

(A) Secretagogues, or chemical substances, are the only type of stimuli 
which stimulate gastric secretion on application to the intestine. 

Mild distention has no effect. Undue distention or irritation of the 
intestine at first inhibits gastric secretion, I believe, reflexly. If injury 
to the mucosa is produced, stimulation may result from the absorption 
of secretagogues, possibly histamine, produced locally. 
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Secretagogues which act in the stomach also act in the intestine. 
Numerous other substances* '* applied to the intestine stimulate gastric 
secretion; for example, soaps, fatty acids, and peptone. Whether soaps 
are normally present in sufficient concentration to stimulate is conjec- 
tural. Neutral fat in the intestine inhibits gastric secretion (enterogas- 
trone production). According to Shay and his associates,’* sodium 
oleate (15 per cent) or soap depresses gastric secretion, which depres- 
sion, as in the case of that due to olive oil and 40 per cent glucose, 
disappears after from 1.5 to 2.5 hours; then the secretion returns to 
normal or may go above the normal, as is also observed after suppres- 
sion of secretion with atropine. This action of fat is one reason why, 
after the patient with ulcer has received milk and cream on the hour 
during the day, it is frequently necessary to do a ‘‘therapeutie aspira- 
tion’’ of the stomach at 11:00 p.m. to 2:00 a.m. That is, after the in- 
hibition due to fat is over, the gastric secretion returns to a high rate. 
Another reason is that the administered alkali is absorbed as such and 
as NaCl along with water, and augments secretion as when Ringer’s 
or Locke’s solution is given by elysis. A possibility that should receive 
some consideration in explaining the stimulation of gastric secretion by 
alkalies is that the alkali in the intestine counteracts the ‘‘acid inhibi- 
tion’’ of gastric secretion from the intestine (vide infra); this is en- 
tirely conjectural. 

What Amount of Juice Is Produced as a Result of the Stimuli Acting 
in Each Phase?—A definite answer to this question cannot be given. 
Estimates are given in Table I. Dog: Those for the dog are fairly re- 
liable and are based chiefly on my own observations. Man: Those for 
man on the continuous and cephalic secretion are based on my observa- 
tions. Those for the gastric phase represent a guess. Those for the 
intestinal phase are based on Garbat’s observations on duodenal feeding 
in uleer patients. They may be abnormal. 

A Consideration of Some Abnormal Conditions.—In the note under 
Table I, it is pointed out that operations in the upper abdomen are 
likely to cause a ‘‘hypereontinuous secretion.’’ This we have observed 
many times. For example, after making a Pavlov pouch, the pouch 
may ‘‘hypersecrete’’ for a few days up to two weeks. It may occur 
after making a pouch of the entire stomach, especially if saline solution 
is given.** It is shown especially after total enterectomy in dogs, and 
it is most likely to oceur when Ringer’s or Locke’s solution is given by 
elysis.° Some have seen it after converting a Pavlov pouch into a 
Heidenhain pouch, which sections the vagal innervation of the pouch, 
and have ealled it a ‘‘paralytic secretion.’’*** Several years ago, we’® 
demonstrated how a ‘‘peptice ulecer’’ would enlarge after exposing it 
for photography, unless the postoperative hypersecretion was buffered 
by frequent feedings. This ‘‘hypercontinuous’’ secretion does not always 
occur; however, atropine definitely decreases, but does not abolish it. 
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A partial obstruction of the pylorus should increase gastric secretion 
by prolonging the gastric phase. Whether such actually occurs will 
depend on the extent to which the obstruction excites mechanisms which 
inhibit secretion, such as reflex inhibition via the splanchnies or vagi, 
acid inhibition from acid in the stomach, and gastritis. The results of 
controlled experments show that partial pyloric obstruction increases 
gastric secretion in some animals.’’ It should, and usually does, increase 
the average acidity of the gastric contents (hypernormal acidity), be- 
cause of the partial retention in the stomach of the acid secreted. 

Resection of the pyloric portion of the stomach, although the pylorie 
mucosa does not secrete acid and pepsin, decreases the gastric phase of 
secretion.’® **% 1% The pyloric portion of the stomach normally contributes 
to the gastric phase by increasing the effectiveness of secretagogues and 
distention (vide infra).’° When the pyloric portion is excised, the 
remainder of the stomach secretes less acid when a secretagogue solution 
is applied. With the pyloric portion excised and the vagi sectioned 
above the diaphragm, very little secretion occurs when secretagogues 
are applied.*° Thus, section of the vagi would abolish the cephalic 
phase and excision of the pyloric portion of the stomach would reduce 
the gastric phase. In such a stomach the secretion of acid in response 
to a meal would result chiefly from food acting in the intestine, or the 
intestinal phase; the amount of secretion should be markedly reduced 
unless the gastric remnant undergoes hypertrophy and hyperplasia, or 
the jejunal mucosa becomes irritated and produces histamine. If such 
a stomach empties rapidly, then much of the gastric juice formed from 
the intestinal phase would be buffered and neutralized only by the 
pancreatic juice, and bile and succus entericus. (An enteroenterostomy 
of the ascending and descending loops of jejunum, or an en Y or Roux 
operation by shunting the bile and pancreatic juice away from the 
gastroenterostomy predisposes to jejunal ulcer.) 

Gastroenterostomy should affect only the gastric phase, provided it 
facilitates gastric evacuation. If the jejunum is overdistended by the 
food, then some reflex inhibition of secretion should occur. When per- 
formed for adequate reasons, it gives relief because (a) it tends to 
provide more ‘‘rest’’ to the ulcerated area, (b) the additional gastric 
orifice tends to diminish intragastric tension, (¢c) the average acidity 
of the contents tends to be diminished. The acidity of the gastric 
contents is diminished as a result (a) of improved gastric evacuation 
which decreases the gastric phase, (b) of improved enterogastric re- 
gurgitation, and (c) probably of secretory inhibitory reflexes from the 
jejunum. The operation fails chiefly because the jejunum is more 
sensitive to acid irritation than the duodenum and the gastric seéretory 
mechanisms of the patient are too sensitive or ‘‘keyed at a high level,’’ 
so the buffering and neutralizing action of the alkaline juices is not 
adequate to offset the susceptibility of the jejunal mucosa. The opera- 
tion apparently yields better results in middle-aged and older patients, 
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particularly in the presence of some pyloric stenosis due to an old ulcer, 
than in younger patients, probably because of the declining gastric 
secretion due to age and the atrophic changes in the gastric mucosa 
associated with prolonged stenosis. The operation of pyloric occlusion 
with gastroenterostomy, which was designed to be applied to the younger 
group of patients and to simulate the anatomic condition of pyloric 
stenosis in the middle-aged, considered inadequately the physiologic fac- 
tors concerned in gastric secretion, the regulation of gastric acidity and 
the susceptibility ‘of the jejunal mucosa to acid-pepsin irritation. (A 
pyloric stump that cannot drain well is subject to mechanical factors 
which may cause distress. ) 

The important role that the alkaline juices play in the presence of a 
gastrojejunostomy is demonstrated by the Mann-Williamson dog, which 
develops a jejunal ulcer in almost 100 per cent of cases. In this opera- 
tion the alkaline juices, except the locally produced succus entericus, 
are diverted to the lower ileum, so the acid chyme irritates the jejunal 
mucosa. The gastric acidity curve in response to a meal does not show 
the normal terminal decrease ** *?*? and the stomach continues to 
secret for a longer period than normally. The gastric phase of secretion 
is probably increased due to the increased emptying time and in some 
animals the intestinal phase appears to be definitely prolonged. The 
volume of secretion is reduced, but not abolished by atropine, which 
suggests that the irritated mucosa is producing histamine.® 


YLT) 
LUT 


Fig. 2.—An autotransplant of the acid-secreting portion of the stomach made by the 
pedicle graft method. The pouch secretes when the animal is fed a meal, _ This is 
the crucial proof of the existence of a humoral mechanism for gastric secretion. 


INHIBITION OF GASTRIC SECRETION 


Nervous and humoral mechanisms are concerned in the inhibition of 
gastric secretion. Nerves: The splanchnic nerves and the vagi contain 
inhibitory fibers for gastric secretion, so mental states may inhibit secre- 
tion. Distention of the intestine inhibits secretion probably reflexly. 

Enterogastrone-—Fat or concentrated sugar solution (10 per cent 
or above) introduced into the intestine inhibits gastric secretion. That 
the inhibition caused by fat is due to a chalone referred to as entero- 
gastrone is clearly established. For example, the introduction of olive 
oil or cream into the intestine of a dog with an autotransplanted pouch 
(Fig. 2) inhibits the seeretion of the pouch; whereas, the intravenous 
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administration of fatty chyle, soap, and properly emulsified fat does 
not. <A highly purified extract of duodenal mucosa has been pre- 
pared which inhibits gastric secretion and motility when injected par- 
enterally.2* In man the inhibition caused by the introduction of 40 
e.c. of olive oil into the duodenum lasts for from 1.5 to 2.5 hours." 

Acid Inhibition.—This expression is used to indicate that the pres- 
ence of acid (0.2 to 0.4 per cent) in the stomach or intestine inhibits 
gastric secretion. Whether or not acid inhibition occurs depends on the 
nature and potency of the secretory stimulus. Thus, inhibition by acid 
is not observed under all conditions. Acid (0.36 per cent) in the stom- 
ach inhibits the action of secretagogues in the stomach (intragastric 
chemical phase), but not that of secretagogues in the intestine. Acid 
in the intestine inhibits the action of secretagogues in the stomach and 
in the intestine. When the secretory stimulus is strong, then acid in 
the intestine is less likely to inhibit, if at all. For example, when secre- 
tagogues are acting in the stomach and intestine simultaneously, acid 
in the intestine does not definitely inhibit. When gastric secretion is 
excited by histamine, acid in the intestine does not inhibit. The cephalic 
phase of gastric secretion is refractory to the inhibitory action of acid 
in the stomach or duodenum.?* 7° 

In view of the foregoing qualifications of acid inhibition of gastric 
secretion reported by Wilhelmj’s*® and Babkin’s*® laboratories, it 


is not surprising that the literature on acid inhibition is apparently 


7-31 


contradictory. Some have observed it in man and others have not.’ 
In the dog we® '* found the effect of the introduction of acid into the 
duodenum to be uncertain.*t To complicate the picture further, the 
continuous perfusion of acid (0.36 per cent) through a Thiry fistula 
of the duodenum and jejunum will usually after a latent period of 
about forty-five minutes cause a stimulation of gastric secretion.’* This 
stimulation occurs after the mucosa has been injured with the acid. 
The feeding of a meal after such an experiment sometimes results in a 
hypernormal secretory response of a Pavlov pouch. Repeated daily per- 
fusion of the Thiry fistula with acid for a period may cause a hyper- 
normal continuous secretion.’? It is possible that irritation of the in- 
testinal mucosa with acid or any other agent releases histamine, or a 
histamine-like substance, as does irritation of the skin. This has to be 
considered in the interpretation of the secondary rise of gastric secre- 
tion when substances, such as 15 per cent sodium oleate, ete., are intro- 
duced into the intestine of man.** 

Summarizing, a primary inhibition of gastric secretion from the in- 
testine may occur as the result of enterogastrone liberation, reflex in- 
hibition, or in the case of injury, the absorption of nonspecific in- 
hibitory substances. A subsequent return of gastric secretion may be 
the result of escape of the stomach from inhibition due to the neutraliza- 
tion or disappearance of the inhibitory stimulating agent, or in the pres- 
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ence of irritation it may be due to the production of a histamine-like 
substance, which may give rise to a hypernormal response to a meal or 
to a hypercontinuous secretion. 


THEORETICAL OUTLINE AND EVIDENCE REGARDING HOW PARIETAL CELLS 
MAY BE STIMULATED TO SECRETE BY VARIOUS STIMULI 


The older literature on this subject has been reviewed by Bab- 
kin** *» 2 and by me.** Since then some progress has been made. The 
newer evidence will be presented with the pertinent older evidence in 
outline form with an attempt to distinguish between the known and 
unknown features of the problem. 

1. Extrinsic nerves, as for example the secretory nerves in the vagi. 
The nerve impulses conducted by these nerves (a) may exert a direct 
secretory influence on the cell by releasing at their nerve endings acety] 
choline or histamine, or by deplorization associated with the action po- 
tential which is associated with the ‘‘nerve impulse’’; (b) may stimulate 
by causing vasodilation or a favorable vascular reaction for secretion; 
(ec) may cause the production of a specific hormone, or a gastrin. 

‘*Sham feeding,’’ it is well known, does not cause a Heidenhain pouch 
(a pouch devoid of vagal innervation) to secrete. Hence, if the vagal 
secretory nerves stimulate the parietal cells by releasing a substance as 
postulated in b and c above, the substance acts only locally and does 
not pass into the circulation. Of the various possibilities, the local re- 
lease of acetyl choline is most probable according to existing informa- 
tion. 

2. Mechanical distention, as in the gastric phase. Mechanical disten- 
tion may stimulate (a) by causing vasodilation and increased motility 
directly or through intrinsic nerves; (b) by stimulating intrinsic secre- 
tory nerves which release acetyl choline or histamine or excite the cells 
by the action potential; (¢) by direct mechanical stimulation; (d) by 
producing a specific hormone, gastrin; or (e) by releasing histamine as 
the result of mechanical stimulation, since rubbing the skin may cause 
vasodilation by the alleged production of a histamine-like substance. 

Evidence will be presented later which indicates that mechanical stim- 
ulation acts only locally. That is, mechanical stimulation of the main 
stomach does not cause a transplanted pouch to secrete. 

3. Secretagogues or chemical substances, as in the gastric and intes- 
tinal phases. Secretagogues may stimulate (a) by being absorbed into 
the blood; (b) by producing a hormone, gastrin; (¢) by stimulating 
intrinsie secretory nerves, as in mechanical distention; (d) or, as in the 
case of the stomach, by direct chemical contact with the parietal cell 
through local absorption or diffusion; (e) or, by causing vasodilation. 

Evidence regarding how secretagogues act will be given later. 

A hypothetical analysis such as this has to be made before a prob- 
lem ean be attacked experimentally. Such an analysis is frequently 
incomplete because of a deficiency in existing knowledge. 
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Does a Humoral Mechanism for Gastric Secretion Exist ?—This ques- 
tion can be stated more simply as follows: When we eat a meal, does 
some agent enter the blood and cause the gastric glands to secrete? 

This question can be answered affirmatively. When a meal not con- 
taining too much fat is fed, an autotransplanted pouch secretes (Fig. 2). 
This shows that a humoral mechanism is in part concerned in the gastric 
secretory response to a meal.*® This observation also provides us with a 
method by which we can ascertain how various stimulating agents ap- 
plied to the stomach or intestine stimulate gastric secretion. 

The fact that an autotransplanted pouch secretes tells us nothing 
regarding the nature of the humoral agent. 

What Is the Nature of the Humoral Agent?—The humoral agent 
(a) may be histamine; (b) may be a gastrin or a hormone different 
from histamine, or histamine-like; (¢) may be secretagogues absorbed 
from the food in the stomach and intestine. 

We have sought to answer this question by biochemical and physio- 
logic methods. We first started out to identify the principle or the 
gastrin in acid extracts of pyloric mucosa. 

A. IsoLATION oF HISTAMINE FROM Acip Extracts or Py.Loric Mv- 
cosa.—Edkins and others showed that the subcutaneous injection of 
acid extracts of pyloric mucosa would stimulate gastric secretion. He 
called the active principle gastrin. He proposed a theory which main- 
tained that the contact of food and acid with the pyloric mucosa caused 


a hormone, gastrin, to be formed, which was carried by the blood to the 
parietal cells. It was soon shown that a gastrin was present in extracts 
of fundiec mucosa and of numerous other tissues. Since those tissue 
extracts which stimulated gastric secretion also depressed blood pressure 
like histamine, many believed that Edkins’ gastrin was histamine, or a 
histamine-like substance. 


Following the lead of Luckhardt, Koch, and Keeton, we undertook 
to isolate and identify the active principle. We* made the following 
observations. Acid extracts of the pyloric mucosa contain a substance 
which stimulates gastric secretion when given subcutaneously or intra- 
muscularly. These extracts given intravenously rapidly depress blood 
pressure like histamine. The activity of the extracts is destroyed by 
histaminase. Histamine was isolated from such extracts as a crystalline 
sulfate and picrate. The secretory and vasodepressor activities, ex- 
pressed as a ratio, found in the original extract, remained relatively 
constant in all fractions including the final step of crystallization. Ths 
evidence showed that Edkins’ gastrin is histamine. However, the evi- 
dence does not warrant the conclusion that histamine is the gastrie hor- 
mone. All that can be deduced is: either histamine is the gastric hor- 
mone, or there is no gastric hormone, or the true gastric hormone has 
not been extracted from gastric mucosa. 

McIntosh** has studied the amount of histamine in the blood before 
and after feeding. He could not find a significant increase in blood 
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histamine after feeding. Neither did he find a significant increase in 
blood histamine after injecting 1 mg. subcutaneously. Thus, the parietal 
cells are more sensitive to histamine than the method for measuring 
the histamine in the blood. Histamine could be the humoral agent, 
because when it is injected very slowly intravenously it stimulates gas- 
tric secretion without causing vasodilation or a fall in blood pressure.*’ 
Since atropine (1 mg.) during the period of its maximum effect abol- 
ishes the secretory response to a meal in the dog, it is necessary to 
eonclude that if histamine is a normal humoral agent atropine must 
prevent it from being formed.*** 


B. CAN SECRETAGOGUES ON BEING ABSORBED INTO THE BLOOD BE THE 
HumoraL AGENT ?—Not being able to ascertain whether histamine is the 
humoral agent, we decided to ascertain whether secretagogues on enter- 
ing the blood might be the humoral agent. 


Fig. 3.—Analysis of stimulation of gastric secretion by secretagogues; 100 mg. of 
secretagogues applied to the stomach. S caused secretion; whereas, 400 mg. intrave- 
nously (V) was required. Liver extract introduced into the intestine (J) caused the 
pouch tc secrete. 


We** found that Lilly’s preparation (No. 348) of the antipernicious 
anemia fraction of liver contained about 70 per cent of the secretagogues 
in liver. We freed this extract of vasodepressor material and injected 
it slowly intravenously. Gastric secretion was stimulated. This showed 
that secretagogues could stimulate if they should be absorbed as such 
from the intestine and stomach. We could not prove by chemical meth- 
ods that secretagogues were absorbed from the stomach and intestine. 

However, we made a ‘‘purified’’ preparation of secretagogues from 
liver extract and found that 400 mg. of this extract were required to 
stimulate when injected intravenously and only 100 mg. were required 
when applied to the stomach (Fig. 3). This result, which has been 
recently confirmed,*® shows that secretagogues applied to the gastric 
mucosa are more potent than secretagogues injected intravenously. 
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This evidence, it may be argued, indicates the existence of a hor- 
mone mechanism for gastric secretion. Since secretagogues applied to 
the intestine or stomach cause a transplanted gastric pouch to secrete, 
secretory nerves are ruled out. Since 100 mg. of the liver extract 
applied to the stomach stimulated secretion and 400 mg. intravenously 
were required to stimulate, it is obvious that the 100 mg. applied to the 
stomach did not stimulate by being absorbed into the blood. Hence, 
it may be deduced that secretagogues applied to the stomach stimulate 
a transplanted pouch by causing the elaboration of a hormone. Such 
a deduction cannot be unequivocally accepted. The crucial experiment 
would be to use a dog with both a transplanted pouch and a pouch of 
the entire stomach, and then to apply to the latter an amount of ‘‘puri- 
fied’’ secretagogues that would stimulate the transplant but would not 
stimulate the transplant when given slowly intravenously (vide infra). 


TWO POUCH DOG 


Fig. 4.—Analysis of the action of secretagogues when applied to the gastric 
mucosa. When liver extract is applied to the main pouch (#.S.P.), the transplanted 
pouch (T7.P.) secretes. 


Site of Origin of the Humoral Agent.—It is clear that a humoral 
mechanism for gastric secretion exists, because on feeding a dog with 
a transplanted pouch, the transplant secretes. This does not tell us 
whether the humoral agent comes from the stomach, or from the in- 
testine. 


The only way this question can be answered is to use a dog with a 
pouch of the entire stomach and with an autotransplanted pouch, or a 
‘‘two-pouch’’ dog (Fig. 4). Then it would be possible to stimulate the 
stomach or the intestine and ascertain whether the transplant secretes. 
Seeretion by the pouch can only be due to a humoral agent. (These 
studies’® were made recently in our laboratory by Dr. R. A. Gregory.) 
The observations to date may be summarized as follows: (1) A humoral 
mechanism is involved in the action of secretagogues in the stomach. 
Perfusion of the entire stomach pouch (Fig. 4) causes the transplant 
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to secrete (4 dogs, numerous experiments). (2) A humoral mechanism 
is involved in the action of secretagogues in the intestine. On feeding 
the animal, which has an esophagoduodenal anastomosis (Fig. 5), the 
transplant secretes (4 dogs, numerous experiment). Application of 
liver extract to a Thiry fistula of the intestine (Fig. 5) causes the trans- 
plant to secrete (1 dog, 7 experiments). (3) A humoral mechanism 
is not involved in the action of mechanical distention. Distention of the 
main stomach (Fig. 5) does not cause the transplant to secrete (4 dogs, 
numerous experiments). (4) Distention of the transplant usually causes 
secretion. 

Thus, the mechanism for mechanical and secretagogue stimulation of 
gastric secretion is not the same. Also, if a humoral agent is involved, 
it does not come from the parietal cell, because in both cases the parietal 
cells of the entire stomach pouch secrete. 


Secretagopues <—f 





Distension 


Secretapopues 


Fig. 5.—Secretagogues placed in the duodenum (D), the stomach (S). <A Thiry 
fistula of the duodenum and jejunum (D + J) causes the transplant (Tr.) to secrete. 
Removal of the pyloric portion of the stomach (S) reduces the response to secreta- 
gogues and to distention. Distention of stomach (S) does not cause the transplant 
to secrete. 


Site of Origin in the Stomach of the Humoral Agent Produced by 
Secretagogues—A pouch of the ‘‘entire stomach’’ from which the 
pyloric portion of the stomach has been removed does not secrete as much 
acid in response to secretagogues as when the pyloric portion is intact. 

To ascertain whether the pyloric portion of the stomach contributes 
to the humoral mechanism, we resected the pyloric antrum from a two- 
pouch dog (Fig. 4). After the resection of the antrum, application of 
secretagogues to the remainder of the stomach caused the transplant 
to secrete. However, less secretion was obtained than before antrectomy. 
Thus, the pyloric mucosa contributes to, but is not the sole origin of, the 
humoral mechanism obtained from the stomach. 

Analysts of Local Stimulating Mechanism in the Stomach as Revealed 
by Use of Local Procaine Anesthesia.—Sinee the mechanism for the 
stimulation of secretion by distention and secretagogues is different, the 





IVY: MECHANISMS OF GASTRIC SECRETION 875 


effect of local procaine anesthesia on the elicitation of the humoral 
mechanism was studied.'® 

A 5 per cent solution (50 ¢.c.) of procaine was perfused through the 
main stomach for fifteen to thirty minutes and then distention or 
secretagogue was applied. Procaine was also applied to the transplant, 
it having been found that procaine (25 ¢.c. of 5 per cent solution) in- 
jected subcutaneously had no effect on gastric secretion. Some of the 
results are shown in Table II. The results may be summarized as fol- 


TABLE II 


SECRETION OF TRANSPLANT GASTRIC POUCH ON PERFUSION OF POUCH OF ENTIRE 
STOMACH FoR 0.5 HR.* 








| MAIN PpoucHt TRANSPLANTT 
NO. OF 
FA TA FA TA 
MG MG. S MG MG. 
: 15 BR. : 
Hcl Hcl Hcl Hcl 





PROCEDUREt |EXPER-| VOL., VOL., 
| MENTS 1.5 HR. 








Perfusion M. St. with L. E., with 

No procaine 22 
Proecaine to M. St. 
Procaine to Tr. 


“- 


9.2 36.2 2.0 
0 12.7 j 
4.7 | 24.6 1.9 
17.6 | Be: 6.9 
6.4 6 4.3 
19.6 | 26. 5.0 
16.3 
13.9 
0 
42 
29 
21 
38 
*Procaine 50 c.c. of 5 per cent solution for 15 to 30 minutes; 25 c.c. of 5 per cent 
procaine subcutaneously has no effect on response of pouch to perfusion. 
+L. E. Liver extracts. M. St. Main stomach. Tr. Transplant. 
tThe pouches were secreting no free acid when the experiments were performed, 
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lows: (1) Procaine applied to the pouch of the entire stomach abolishes 
the response to distention and secretagogues. (2) Procaine applied to 
the pouch of the entire stomach prevents the transplant from secreting 
in response to secretagogues applied to the former. (3) The procainized 
transplant secretes when secretagogues are applied to the entire stomach 
pouch or to the intestine, or when a meal is fed. (4) Procaine applied 
to the entire stomach pouch does not prevent stimulation of both pouches 
on the application of histamine (10 to 25 mg. in 50 ¢.c. of water) or 
aleohol (50 ¢.c. of 2 to 7 per cent) to the pouch of the entire stomach. 

Indirect evidence strongly indicates that alcohol stimulates gastric 
secretion by causing the liberation of histamine.*' If histamine is the 
gastric hormone, then aleohol acts on a different point in the gastric 
secretory mechanism than secretagogues. 

The procaine evidence shows: (a) that procaine does not act on the 
parietal cells (see 3 above); (b) that procaine probably does not act 
by preventing the absorption of secretagogues, since it is practically de- 
void of vascular action; (¢c) and that procaine most likely acts by block- 
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ing a local receptor mechanism (mechanical and chemical) which causes 
a local secretory response to mechanical stimulation and the liberation of 
a hormone on secretagogue stimulation. Two types of receptors prob- 
ably exist in the gastric mucosa: one mechanically excitable, which 
does not release hormone, and another chemically excitable, which re- 
leases hormone. Alcohol probably acts directly to liberate histamine. 
This concept can be illustrated by the following diagram: 
(At) +? 
(Pr) + A (Pr) - 
Mechanical receptor) Intermediate — Parietal cell — Acid 


in mucosa (Pr) + § nerve or 
substance 


Circulation 
(Pr) - 


(Pr) + 
? Intermediate 


Chemical receptor 


— nerve or 
in mucosa (Pr) + § : 


substance — Hormone production 
(At) +? (AT) +? 
A and B could involve either a secretory or a vasomotor reflex. 
_ Atropine and procaine do not prevent histamine and alcohol stimulation, because 
histamine is absorbed and alcohol causes, by direct action, histamine formation, 
Atropine prevents the action of secretagogues (liver extract) injected intravenously. 
It reduces, but does not prevent, the action of moderate amounts (0.5 mg.) of hista- 
mine, but in small amounts (0.2 to 0.3 mg.) does prevent histamine stimulation. 


(At) + ? Atropine inhibits in adequate doses but the site of action is questionable. 


Evidence Required to Settle Definitely Nature of Humoral Agent.— 


1. To show that histamine is the hormone, some method more sensitive 
than those available will be required; or we will need to find some agent 
that will destroy histamine rapidly, and will at the same time stop a 
transplant from secreting. Histaminase acts slowly; it does not prevent 
injected histamine from acting; it does not reduce the gastric secretory 
response to a meal. 

2. To rule out definitely the possibility that secretagogues act by being 
absorbed into the blood, it must be shown, for example, that 100 mg. of 
secretagogues applied to the stomach will stimulate a transplant, and 
that the same quantity intravenously will not. Or 

3. To find some agent which will stimulate secretion in a transplant 
when applied to the entire stomach pouch, but which will not stimulate 
the transplant when given intravenously. Fatty acids and soaps are 
alleged to stimulate secretion when applied to the stomach but not when 
injected intravenously. But Gregory’® found that soap confined to the 
stomach does not stimulate secretion. 

4. To find some agent in the blood that stimulates, but is not a protein- 
split product resulting from absorption. 

5. (A) One should probably search further for a gastrin that is not 
histamine. (B) One should isolate and identify the secretagogue or 
secretagogues in liver and meat extract. 
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Effect of Atropine—In the dog the effect of atropine is well estab- 
lished. One milligram subcutaneously abolishes the normal continuous 
secretion and the gastric secretory response to a meal for from one to 
three hours. It abolishes all the phases of gastric secretion. The same 
dose produces a definite but limited inhibition of the response to 
histamine; the inhibition consists chiefly of a decreased volume output 
of acid without much change in acidity;*** the acidity may increase 
slightly. 

The exact site of action of atropine is uncertain. It undoubtedly acts 
to block the action of secretory nerves. If histamine acts only on the 
parietal cells, then atropine probably acts also in part on the parietal 
cell.*? Atropine does not abolish the secretory response to alcohol.*? 
This indicates that aleohol releases histamine,*® and, if histamine is a 
normal humoral agent, that alcohol releases histamine by a different 
mechanism (irritation) from that concerned in the release of histamine 
by secretagogues in food. This observation is of much interest in that 
it demonstrates the existence of a mechanism for gastric secretion that 
cannot be blocked by atropine. This would indicate that in man when a 
secretion is occurring that cannot be blocked for an hour or more by 
atropine histamine or a histamine-like substance is responsible. 

In man atropine (1 or 2 mg.) abolished the normal continuous secre- 
tion but not that seen in some patients with duodenal ulcer. Its effect 
on the response to a meal is contradictory.*® This is not surprising in 
view of the fact that in most studies patients with ulcers were used and 
the methods, stimulating agents, and dose of atropine and other factors 
are varied. (This subject deserves investigation in the light of recent 
knowledge.) Atropine decreases the volume output of acid in response 
to histamine,*® and to alcohol, as in the dog.** In patients with ulcers 
on hourly milk and cream diet atropine apparently only decreases the 
volume output of secretion** as in the dog with a jejunal ulcer;° it cer- 
tainly does not abolish it as a rule. These observations constitute strong 
presumptive evidence that in patients with ulcer histamine or a 
histamine-like substance is produced. If those reported failures of 
atropine, in doses adequate to cause complete xerostomia and disturb- 
ances of vision, to abolish the gastric secretory response to a meal in 
man are not due to the presence of an ulcer or a ‘‘preuleer’’ condition, 
then normal men have a gastric secretory mechanism not found in the 
normal dog. Then man’s predisposition to uleer may be due to this 
tendency to produce histamine or a mechanism not readily blocked with 
atropine. 
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THE MANAGEMENT OF GASTRIC RESECTION FOR THE 
“POOR RISK’? PATIENT 
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T TIMES the surgeon attends a patient urgently in need of surgical 
treatment for chronic disease of the stomach, but in poor or even 
critical physical condition. Starvation, old age with cardiorenal and 
vascular changes, gastric retention with edema and atony of the wall, 
and infection of the gastric contents are some of the factors involved 
singly or in combination to make the patient a poor risk for difficult 
or prolonged operation on the stomach and for the postoperative com- 
plications that may arise. We have found certain measures recently 
employed in the handling of these poor risk patients to be especially 
worth while. 

A period of hospitalization before operation is essential. This may 
occupy from six to fourteen days and occasionally a longer time is 
necessary. There has never been occasion to regret this delay in sur- 
gical treatment and usually we have been rewarded by improvement 
in the patient’s general condition. Ample opportunity is provided for 
the establishment of proper water, protein, and electrolytic balance. 
When gastric retention is complete or almost so, this balance must be 
accomplished chiefly by the parenteral route. The administration of 
Ringer’s solution replaces salts, and fluid in the form of glucose solu- 
tion is also readily given. Records of the intake and output of fluid 
and frequent determinations of the blood chlorides are essential. The 
production of edema is carefully avoided. Transfusions of blood help 
to replenish low blood proteins and to aid in the restoration of lowered 
hemoglobin and erythrocyte levels. Plasma transfusions are also given 
when the blood proteins are low. Vitamins B and C are injected par- 
enterally if not taken by mouth. During this period digitalization of 
the patient may be accomplished if cardiac decompensation is present. 
An attempt is made to ascertain the presence of renal insufficiency and 
to correct it if possible before operation. 

Careful preparation of the stomach is important. When the gastric 
residue is large or obstruction of the stomach is complete and of long 
standing, the gastric content is almost always infected and the walls 
of the stomach are thickened, atonic, and edematous. Contamination 
of the operative field with the contents of such a stomach would invite 
sepsis, and suturing the walls would encourage disaster from leakage. 
The infection can be considerably reduced, the edema diminished, and 
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the muscular tonus at least partly revived by proper preparation. Com- 
plete obstruction of the stomach requires lavage through a large stom- 
ach tube with a considerable amount of fluid in order to remove the 
larger particles that may be in the residue. Repetition at least once 
may be necessary. Often bits of undigested food and undissolved me- 
dicinal tablets are removed in this manner. A small nasal tube is then 
passed into the stomach and connected to the continuous suction ap- 
paratus. The patient maintains a continuous lavage by drinking clear 
fluids at frequent intervals, and this treatment is supplemented by 
periodic lavage carried out by the nursing or intern staff. Tap water 
is generally employed. The tube is clamped off and disconnected sev- 
eral times a day so that the patient may be up and about the ward or 
room. Having the patient out of bed for several periods during each 
day is an important part of his routine which should be maintained 
whenever possible. At meal times he is given a clear fluid diet, dilute 
meat broths, sweetened fluids, tea and jello (milk and unstrained 
orange juice will later obstruct the small tube and should not be given). 
The tube is clamped off during the meal and for the ensuing hour or 
two. This allows even the patient with obstruction to absorb some 
nutrition and gives him the satisfaction of taking something at meal 
time. Later, suction and lavage are resumed. In a few days the stom- 
ach becomes grossly clean and tends to return to a more normal size. 
The edema of the wall subsides and opportunity is afforded for it to 
regain some of its lost tonus. On the last day or two preceding opera- 
tion, dilute hydrochloric acid in water may be given by mouth or used 
in the lavage for its supposed bacteriostatie action. 

Objections to this rather strenuous ‘‘cleaning up’’ process might be 
raised on the ground that bleeding might be incited in the diseased 
stomach. In our experience this has not occurred whether the obstruc- 
tion is caused by carcinoma or by uleer. In the patients without ob- 
struction, particularly those in whom severé hemorrhage has occurred, 
the regime described above is not fully carried out. It is not necessary 
if there is little or no residue in the stomach. Even for the unob- 
structed patients, however, the clear fluid diet is enforced for at least 
three or four days prior to operation, and lavage of the stomach is 
earried out for about forty-eight hours with the small indwelling tube 
and suction apparatus as described above. Dilute hydrochlorie acid 
in tap water is given if gastric acidity is low, but it is omitted for 
patients with uleer who have high acid readings. In all eases the last 
lavage is given on the evening before operation, but the suction is con- 
tinued until the patient is called to the operating room. The nasal tube 
is left in the stomach during the operation and is allowed to drain by " 
gravity or is attached to a suction device. 

The choice of preoperative medication for the poor risk patient is 
of considerable importance. Large doses of sedative are avoided. 
Usually a dose of 4% or % gr. of morphine is given before the patient 
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goes to the operating room, and to this may be added M%oo gr. of 
scopolamine. In some of the elderly patients, a small dose of sodium 
phenobarbital may be given hypodermieally instead of the morphine. 
A dose of sodium phenobarbital on the evening prior to operation will 
help insure a night of rest. 

In these bad risk patients, partial or subtotal gastrectomy is per- 
formed entirely under local anesthesia. When this type of anesthetic 
is skillfully administered, it is possible to carry through a difficult and 
prolonged operative procedure with the deliberate precision necessary 
for the successful execution of the Halsted silk technique. In fact, the 
local anesthesia and the use of silk supplement each other in accom- 
plishing the procedure, for the gentle handling of tissue helps to make 
the use of local anesthesia possible in gastric resection, and the use of 
local anesthesia makes possible the prolonged operating time necessary 
for carrying out the details of the Halsted method. Both factors are 
of considerable importance in bringing the debilitated patient success- 
fully through gastric resection. 

The use of local anesthesia for upper abdominal laparotomy and gas- 
tric resection has been described previously. Credit for the anterior 
splanechnie block is given to Braun, but Finsterer did much to further 
its recognition as an acceptable method of anesthesia in operations on 
the stomach. Recently Ogilvie, Allen, and Rienhoff have advocated its 
use. Pack, Devine, and others have also mentioned it. 

Employment of local anesthesia in connection with the use of silk 
for gastric resection in poor risk patients appears to justify its descrip- 
tion here in some detail. It is probably true that, even in the best 
hands, local anesthesia for some reason or other may fail to be satis- 
factory for this sort of operative work. In most cases, however, skill, 
thoroughness, and accuracy employed in the administration of the an- 
esthetic solution will be rewarded by successful anesthesia. Novocain 
is usually employed in dilutions of 0.75 or 1 per cent and to each ounce 
2 or 3 drops of adrenalin solution are added. Field block of the ab- 
dominal wall is preferable to direct infiltration. The skin is carefully 
prepared with soap, water, alcohol, ether, and tincture of merthiolate 
solution, and is suitably draped. The field is outlined with intracuta- 
neous wheals beginning at the tip of the ensiform process and extend- 
ing down the costal margins to points just lateral to the rectus sheath 
on either side. From these points the series of wheals is continued 
vertically downward along the lateral borders of the rectus sheaths on 
either side to points at or slightly below the level of the umbilicus. 
The two series of wheals are joined by extending them to or immedi- 
ately below the umbilicus. Employing a somewhat longer needle, in- 
troduced through these wheals, the fascia is pierced at intervals of 
about 1 em. for the entire circumference of the field and a few cubic 
centimeters of novocain solution is injected at each point of perfora- 
tion. The injection is carried out with a hand syringe and the plunger 
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is carefully withdrawn before each injection in order to be certain that 
none of the solution enters a blood vessel. The tissues should not be 
flooded with excessive amounts of novocain solution. When the field 
block has been completed, the incision is developed. Recently we have 
come to prefer the midline epigastric incision in most of these cases, 
though the right or left muscle-splitting or the paramedian incision is 
used if, for any particular reason, one of them appears to be indicated. 
As soon as the peritoneum is exposed, it is infiltrated with novocain 
solution over a‘fair-sized area and incised in one place. Further in- 
cision of the peritoneum is preceded by injection with novocain solu- 
tion, which is carried back for a distance of about 3 or 4 inches on 
either side of the incision. Small retractors are then inserted. Expo- 
sure is gained with the utmost care and gentleness. 

At this point an attempt may be made to decide by inspection whether 
the lesion is operable, or whether further manipulation is necessary 
before resectability can be determined. Before any considerable intra- 
abdominal manipulation is carried out, the splanchnic region is in- 
filtrated with novocain, following essentially the method of Braun. A 
needle is inserted into the retroperitoneal space below the left lobe of 
the liver, to the right of the abdominal aorta, at or about the level 
of the celiae axis. The needle is inserted until it is felt to impinge 
upon the body of the first lumbar vertebra and then is withdrawn 
slightly. From 40 to 75 ¢.c. of the novocain-adrenalin solution is intro- 
duced slowly with due care to prevent intravascular injection. Opera- 
bility is then confirmed by palpation which is facilitated by an explora- 
tion into the lesser sac if necessary. All intra-abdominal manipulations 
must be carried out with great care and the softest possible touch. No 
pain should be inflicted upon the patient at any time as it will cause 
him to strain, contracting the musculature of the abdominal wall and 
pushing the intra-abdominal viscera out into the operative field. Such 
a eatastrophe demands the supplemental use of general anesthesia. 
It can be prevented in almost every case by the accurate placement of 
the local anesthetic and by care and gentleness in operative manipu- 
lations. Extensive subtotal gastrectomies have been done entirely un- 
der local anesthesia in this manner, but total gastrectomy has required 
the use of general anesthesia. 

Silk (Halsted technique) has been used for several years in this clinic 
for general surgical work. It has proved to be admirably adapted to 
gastric surgery and particularly to these cases of gastric resection done 
under local anesthesia. The essential steps of the present method as 
applied to gastric resection are: The attachments along the greater 
and lesser curvatures are divided by sharp dissection, the vessels being 
clamped with fine pointed hemostats before division and immediately 
tied with fine silk ligatures. In malignant disease, the lesser and greater 
omenta are widely excised, together with the greater part of the stom- 
ach. If resection is indicated for a benign ulcer, the omental attach- 
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ments are divided close to the stomach and, generally speaking, a high 
partial or subtotal gastric resection is done. If the benignancy of the 
lesion is doubtful, it is managed as though it were malignant. In high 
resections it is occasionally necessary to use additional novocain solu- 
tion to infiltrate the lesser omentum near the cardia of the stomach. 
articular care must be taken not to perforate a vessel in this region 
because hematomas form very rapidly and are difficult to control. If 
the duodenum must be mobilized, it is sometimes necessary to inject 
novocain solution just to the right of the duodenal attachment before 
beginning the incision in the posterior parietal peritonum. The duo- 
denum is divided between clamps with the electroscalpel. The fat is 
carefully removed from the proposed site of inversion, the duodenal 
stump is turned in with a Parker-Kerr inverting suture of treated 
gastrointestinal catgut (small caliber) and is further turned in with 
interrupted mattress sutures of fine silk placed with straight cambric 
needles or with very fine French-eyed needles. The silk sutures are 
placed about 4 inch apart and are tied just tightly enough to appose 
the tissues firmly without eutting or producing strangulation. These 
are further protected by neighboring omental tabs. Further division 
of the attachments along the greater and lesser curvatures by the 
method described above is continued until the level selected for divi- 
sion of the fundus is reached. The fat is removed from the greater 
and lesser curvatures at this site. The nasal tube is withdrawn by an 
attendant until its tip can be felt in the fundus above the proposed site 
of amputation. As a rule clamps are not employed in the amputation 
of the fundus; we prefer to depend upon the thorough preparation of 
the stomach, careful walling off of the operative field with suitable 
packs, and the use of suction in the open viscus to prevent contami- 
nation. In practice these methods have proved very satisfactory in the 
prevention of sepsis and the advantage of obtaining direct hemostasis 
in the open stomach is evident. 

Infiltration of the base of the transverse mesocolon from within the 
lesser peritoneal cavity renders its manipulation painless, in case the 
splanchnie block has worn off or has not included this area. An inci- 
sion is made in the transverse mesocolon through an avascular area 
near its base and to the left of the middle colic vessels. A loop of 
small intestine just distal to Treitz’ ligament is brought through the 
opening in the transverse mesocolon to make the retrocolic anastomosis. 
Usually the retrocolic Reichel-Polya type of repair is used following 
gastric resection. In the very high resections in which the mesocolon 
cannot be sutured to the gastric stump, Treitz’ ligament is divided (as 
described by Lahey) by extending the incision in the transverse meso- 
eolon downward. This permits the exit of only the descending loop of 
jejunum through the opening in the transverse mesocolon which is 
later closed around the single descending loop of jejunum. Before 
dividing the fundus of the stomach, the loop of jejunum that has been 
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brought through the opening in the transverse mesocolon is sutured to 
the posterior wall of the stomach, above the proposed line of division, 
with interrupted sutures of fine silk placed about 4% inch apart with 
fine cambric needles. The distal end of the jejunal loop is at the 
greater curvature and the proximal loop at the lesser curvature of the 
stomach. It is important that the sutures be placed accurately and 
that the submucosa be included in each stitch (as described by Halsted). 
The sutures must be tied with care so that the parts are firmly apposed 
but are not cut-or strangulated. Continuous sutures of silk are never 
used. When the posterior line of silk sutures has been placed and tied, 
incisions are made with the electroscalpel down to the submucosa in 
the anterior and posterior walls of the stomach, at the proposed site of 
amputation. This brings the vessels into view and the larger ones are 
ligated with fine silk ties passed on cambrie needles while the smaller 
vessels can be safely coagulated with the electroscalpel. A small open- 
ing is then made into the lumen of the stomach and all fluid is aspirated 
by suction. The stomach is amputated by completing the incisions 
with the electroscalpel through the mucosa on all sides, and the speci- 
men of the stomach containing the lesion is removed from the operative 
field. When this is done carefully, there is no spilling of gastric con- 
tent. In addition, the field is always blocked off with drapes to prevent 
accidental contamination. An incision with the electroscalpel is made 
in the loop of jejunum parallel to the opening in the stomach and 
hemostasis and prevention of soiling are carried out as described in 
the technique of opening the wall of the stomach. A second posterior 
line of sutures, consisting of a continuous gastrointestinal catgut hemo- 
static suture, is placed through all the layers of the posterior aspect 
of the gastrojejunal stoma and is completed anteriorly as a Connell 
type of suture. The anterior line of sutures is completed by the intro- 
duction of Halsted mattress sutures of fine silk passed on fine cambric 
needles and is further reinforced with interrupted sutures of the same 
material, thus completing the anastomosis. All laparotomy pads are 
removed from the operative field and the gloves of the surgeon and 
all assistants are changed. Fresh towels are draped about the field and 
the abdominal wound and peritoneum are reinfiltrated with local anes- 
thetic. The opening in the transverse mesocolon is then sutured with 
interrupted sutures of fine silk, around the gastric stump, or it is closed 
and fixed around the descending loop of the jejunum if the amputation 
has been very high and division of Treitz’ ligament has been carried 
out. Final inspection for hemostasis and the security of closure of the 
duodenal stump is made before the closure of the abdominal wound is 
begun. The laparotomy wound may be closed in layers with inter- 
rupted silk sutures or with heavy dermal retention sutures placed 
about 2 em. apart through all layers. The wound is dressed with gauze 
and adhesive strapping applied in such a manner that it will not inter- 
fere with movements of the lower thorax in deep respiration. 
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When performed in the manner described, gastric resection often 
requires from four to five hours, and in very difficult cases as long as 
six hours has been needed. In this length of time it is usually neces- 
sary to reanesthetize the splanchnic area and the abdominal wall, and 
this should be done as soon as the patient complains of the slightest 
discomfort. Aside from a transient drop in blood pressure which may 
occur if the local anesthetic is introduced rapidly in large quantities, 
the general condition of the patient usually remains essentially un- 
altered throughout the procedure. If the patient becomes restless at 
the end of three or four hours, a small dose of morphine or of sodium 
luminal may be repeated. It is gratifying to see the ‘‘bad risk’’ pa- 
tient appear so well at the end of the long operation and to realize 
that the utmost has been accomplished to relieve him with the least 
risk to his preearious hold on life. It is a great satisfaction also to 
know that the intra-abdominal operative work has been deliberately 
and thoroughly done. 

The patient is returned to his bed in the semi-Fowler position, but 
is moved frequently (at least every two hours). Inhalations of earbon 
dioxide-oxygen are given at intervals to promote deep respirations. 
Patients in their late sixties and seventies are assisted to sit on the 
edge of the bed twice daily beginning the first postoperative day, and 
on several occasions these elderly patients have been allowed to sit in 
a chair at the bedside for a short period each day, very soon after 
operation. 

The nasal tube is connected to the suction device as soon as the 
patient is returned to his room. Continuous gastri¢ aspiration is main- 
tained, usually for forty-eight hours, but irrigation is forbidden. The 
patient is allowed nothing by mouth for the first seventy-two hours, 
but is encouraged to rinse his mouth, and the nurse is required to 
carry out oral hygiene at frequent intervals. Fluid balance is main- 
tained by the parenteral route for the first few days, care being taken 
not to overload the cardiovascular system and to avoid edema. Blood 
transfusion is done if the patient does not appear to be progressing 
favorably, but it is not always required. An enema is ordered on the 
morning of the third day after operation. On the third day 1 ounce 
of water is given by mouth every two hours. On the fourth day this 
is increased to 2 ounces every two hours, alternating water with albu- 
min water. On the fifth day, when progress is favorable, clear fluids 
(tea, broth, coffee, jello) are given in amounts up to 3 ounces not 
oftener than every three hours. No milk or fruit juice is given. On 
the morning of the sixth day a coddled egg is added and that evening 
a small baked potato is allowed. Beginning on the seventh postopera- 
tive day, the diet is very gradually increased by adding thin gruels 
and other bland foods. It must be remembered that the gastric capac- 
ity is much diminished and the feedings should be correspondingly 
small at first. 
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It is important not to depress these patients by sedation in the post- 
operative period. When the operative work has been done carefully 
and with little trauma the patient usually has very little discomfort 
after his operation and 14 gr. of codeine at required intervals ordi- 
narily is enough to keep him comfortable. If not, a single small dose 
of sodium phenobarbital will probably not depress him too much and 
will help to insure rest. Morphine is rarely required and seldom given 
to these patients after operation. 

We usually leave the sutures in place for from fourteen to sixteen 
days in these feeble patients. It has also been found desirable to keep 
them in the hospital for several days longer than the younger or stronger 
patients. 

On the University of California Service at the San Francisco Hos- 
pital, during the past year, we have had fourteen patients whom we 
considered to be ‘‘poor risks.’’ The tabulation of cases appended 
(Table I) shows in brief the type of patient to whom our regime has 
been applied and the immediate result accomplished. These cases were 
selected because operation upon the stomach was essential. All pa- 
tients were especially prepared and were operated upon entirely under 
local anesthesia. In each case three-quarters or more of the stomach 
was resected. 

SUMMARY 


Certain measures employed in the management of patients with gas- 
tric lesions previously considered inoperable because of the poor con- 
dition of these patients have increased the number of operations suc- 
cessfully performed. Chief among these are: 


1. A period of hospitalization before operation for preparation which 
includes the treatment of hypoproteinemia, the correction of fluid and 
electrolyte balance, the administration of vitamins, the treatment of 
cardiac decompensation, and the detection and correction of renal in- 
sufficiency wherever possible. 


2. Thorough mechanical cleansing and decompression of the stomach 
by means of gastric lavage and aspiration. 

3. The use of local anesthesia and silk technique. The method as 
applied in the performance of gastric resection in the ‘‘poor risk’’ 
case is described. Accuracy and thoroughness in the placement of the 
anesthetic agent and gentleness, deliberation, and care in the operative 
manipulations are necessary for the accomplishment of gastrectomy 
under these conditions. 

4. Careful supervision of the postoperative care of ‘‘poor risk’’ pa-. 
tients. Such details include provision for pulmonary ventilation, fre- 
quent changes in the patient’s position, the regulation of the intake of 
fluids, feeding, and the limitation of narcosis. 





HEMANGIOMA OF THE STOMACH 
REVIEW OF THE LITERATURE AND REporRT oF Two CASES 


CHARLES Bruce Morton, M.D., anp Ray Epwarp Burger, M.D. 
UNIvERsITy, VA. 

(From the Department of Surgery and Gynecology, University of Virginia 
School of Medicine) 


ECAUSE of the very small number of hemangiomas of the stomach 

recorded in the literature, two additional cases seemed worth re- 
porting, especially in view of the fact that one of them had been the sub- 
ject of a preoperative gastroscopic examination, a procedure apparently 
never before performed in the previously recorded cases. A review of 
the literature indicated the rarity of gastric hemangioma not only as 
compared with the frequency of hemangioma in other tissues, but also 
as compared with the incidence of other types of benign tumors of the 
stomach. 

Hemangiomas are common, most are benign, and most occur on the 
body surface. A small number involve the viscera; and yet a smaller 
number involve the bone, muscle, and central nervous system. Ge- 
schickter® reported 570 instances of hemangioma from the Johns 
Hopkins Hospital: 370 peripheral, 135 visceral, and 65 of bone, muscle, 
and the central nervous system. The majority of the visceral hemangi- 
omas, 109 or 81 per cent, involved the liver. The remaining 19 per 
cent involved the heart valves and other internal organs including the 
mesentery, kidney, and gastrointestinal tract. None of these tumors, 
however, involved the stomach.® 

Benign tumors of the stomach, which are much less frequent than 
malignant growths of the organ, include adenomas, polyps, adeno- 
myomas, leiomyomas, fibromas, lipomas, neurofibromas, dermoid and 
echinococeus cysts, embryonic rests of the pancreas, osteomas, and 
hemangiomas. In Eiselsberg’s Clinic? only 5 benign tumors were found 
among 1,125 gastric neoplasms, an incidence of 0.44 per cent. Euster- 


man and Senty* estimated from cases at the Mayo Clinic that only 1.3 
per cent of all tumors of the stomach treated surgically are benign. 
Hillstrom,® reviewing records of the Department of Pathology of the 
University of Minnesota, found about 5 per cent of all tumors removed 
at operation or discovered at necropsy were benign. Stewart,?? in 11,000 
post-mortem examinations, found benign tumors of the stomach in 15 
per cent. Rigler and Erickson'® found benign tumors in 26 per cent of 
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all gastric neoplasms at necropsy. In 1925 Eliason and Wright® col- 
lected 560 previously reported eases of benign tumors of the stomach and 
added 50 of their own, making a total of 610 cases. In 1932 Lockwood’? 
recorded 4.5 per cent of gastric neoplasms benign, and stated that 
about 1,000 cases of benign gastric tumors had been reported. Since 
then many more have been recorded. Thus the incidence of benign 
tumor of the stomach has been reported variously from 0.44 per cent to 
26 per cent of all gastric neoplasms. The number found at operation 
is much smaller than at necropsy, and few give rise to many symptoms. 

The first recorded case of hemangioma of the stomach was reported 
by Lammers’? in 1893. Since then cases have been reported by Stockis,”* 
Guisez,’ Burty,’ Sherril and Graves,?° Lemon,'! Konjetzny,? Eusterman 
and Senty,* Moore,’* ?° Siebner,?* and Minnes and Geschickter.1* In 
1920 Lemon collected the first 5 cases from the literature and added 1. 
In 1925 Eliason and Wright collected a total of 10 from the literature 
in citing 610 cases of benign tumors of the stomach. Minnes and 
Geschickter in 1936 gathered 961 benign tumors of the stomach from 
the literature, of which 15 (1.6 per cent) were hemangiomas. They 
add a case of their own, believing it to make a total of 16. In a careful 
search of the literature, taking into consideration double and triple re- 
porting of cases, we have been able to find only 12 different cases 
recorded. 

TABLE I 


CASES OF HEMANGIOMA OF THE STOMACH* 








AUTHOR YEAR DETERMINATION AT 
Lammers 1893 Necropsy 
Stockis 1904-5 Necropsy 
Burty 1914 Operation 
Sherril and Graves 1915 Operation 
Lemon 1920 Operation 
Konjetzny 1921 Not stated 
Eusterman and Senty 1922 Operation 
Eusterman and Senty 1922 Operation 
9 Eusterman and Senty 1922 Operation 
10 Moore 1924 Operation 
11 Siebner 1933 Operation 
12 Minnes and Geschickter 1936 Necropsy 
13 Morton and Burger 1941 Operation 
14 Morton and Burger 1941 Operation 
*A case reported by Guisez has been included in the tabulations of previous authors 
but has been excluded from our tabulation because, on reading the original report, it 
appears that this lesion was esophageal rather than gastric. It was visualized through 
the esophagoscope at the “cardia.” 








The pathologie characteristics of hemangioma of the stomach do not 
differ from those which might be expected. Hemangioma is a true 
neoplastic process involving vascular tissue and is believed to arise from : 
embryonic rests of mesodermal tissue. The types encountered in the 
stomach appear to have been capillary and cavernous. They are usu- 
ally round, soft, smooth, and with some semblance of a capsule, though 
some are diffuse. Some are on a pedicle, though most are interstitial. 
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They lie between the mucosa and serosa and are bluish black or reddish 
in color. To palpation they often feel ‘‘like a mass of angleworms.’’ 
They occur at varying ages, ulcerate easily, and hemorrhage is a fre- 
quent symptom. 


In general the symptoms are due to ulceration, hemorrhage, dis- 
turbance of gastric function, or malignant change. The case of Burty 
revealed sarcomatous change. They usually produce a filling defect 
on roentgenologic examination and are diagnosed as benign or malignant 
tumors. As far as can be ascertained, no previously reported case has 
been subjected to gastrosecopic examination. In this connection, how- 
ever, Schindler’® said: ‘‘ Benign tumors of the stomach are by no means 
rare. In my experience they have been found in 1.5 to 2 per cent of all 
the cases gastroscoped. . . . Angiomas are so rare that it will probably 
be a long time before one is seen gastroscopically, but they should be 
easily diagnosed.’’ 

CASE REPORTS 


CASE 1.—R. C. (Hist. No. 157373), a white man, aged 36 years, was admitted 
to the Medical Clinic of the University of Virginia Hospital April 9, 1940. He com- 
plained of discomfort in the epigastrium of one year’s duration. He had first noticed 
the discomfort in the early morning and usually it had been relieved by food, soda, 
or exercise, and had not returned during the day, if the patient had been moderately 
active. It had returned, however, when he had become fatigued. The discomfort 
had remained as a dull, gnawing, nonradiating type of mild pain throughout the 
year, and had not been associated with nausea, vomiting, anorexia, hematemesis, 
melena, or weight loss. His past and family histories were irrelevant except that a 
paternal uncle had had ‘‘ulcers of the stomach.’’ 

Physical examination revealed a well-developed and nourished white man who 
appeared to be in good health. No physical abnormalities were discovered. His 
abdomen seemed entirely normal. His temperature, pulse and respiratory rates, 
and blood pressure were within the normal range. Laboratory examinations, includ- 
ing various studies of the blood, urine, and gastrointestinal tract content, likewise 
revealed no abnormalities. 

Roentgenologic Examination.—The gastrointestinal tract was examined roentgeno- 
logically after ingestion of a barium meal on two occasions, six days apart. Both 
examinations revealed an organic lesion, a ragged area on the lesser curvature of 
the stomach beginning at the level of the cardiac orifice and extending downward 
for 6.5 em, There was also slight spasm at the pylorus, but the remainder of the 
stomach and duodenum appeared normal. The six- and twenty-four-hour interval 
examinations of the remainder of the gastrointestinal tract revealed no other 
abnormality. The roentgenologist believed that a malignant tumor might be present 
in the stomach in the region referred to in Fig. 1. 


Gastroscopic examination, by Dr. Porter P. Vinson, of Richmond, Va., revealed 
‘‘a polypoid mass on the lesser curvature of the stomach near the cardia, without 
evidence of ulceration. It was concluded that this lesion represented a localized area 


of polyposis.’’ 
On the basis of the roentgenologic and gastroscopic findings a tentative diagnosis, 
polypoid tumor of the stomach, was made and exploratory laparotomy was advised. 
Operation.—The patient entered the University of Virginia Hospital April 18, 
1940, and after four days of preoperative treatment, laparotomy was performed. 
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Spinal anesthesia was employed, and the abdomen was explored through an incision 
in the midline of the epigastrium. Exploration of the abdominal viscera revealed 
no abnormality, except in the case of the stomach. There were numerous large and 
tortuous vessels in the upper half of the stomach wall along the lesser curvature. 
In addition there was a good deal of telangiectasis of the surface vessels of the 
stomach in this region. To palpation the involved area of the stomach wall felt like 


Fig. 1.—Case 1. Roentgenogram of stomach after barium meal, revealing ragged 
area on the lesser curvature beginning at the level of the cardiac orifice and extend- 
ing downward for 6.5 cm. 


a mass of angleworms. The changes were characteristic of the cavernous type of 
hemangioma. It was not sharply circumscribed and merged into normal looking 
stomach toward both the pylorus and greater curvature. 

The involvement was so widespread that surgical eradication of it would have 
necessitated practically a total gastrectomy. This did not seem justified. A biopsy, 
however, seemed worth while. An incision was made high up in the stomach near the 
lesser curvature, and the stomach examined internally. As might have been expected, 





MORTON AND BURGER: HEMANGIOMA OF THE STOMACH 895 


bleeding was profuse but was readily controlled. Inspection confirmed the x-ray 
and gastroscopic findings in that the mucosa of the stomach, in the region referred 
to, was full of tortuous ridges and furrows representing the vessels beneath the 
surface. There was no evidence of polyposis or ulceration. A small area of the 
stomach wall on one side of the gastric incision was excised for later microscopic 
study, and the incision then closed. The appendix was removed routinely, and the 


laparotomy wound closed. 


Fig. 2.—Case 1. A, Photomicrograph of submucosal area of stomach wall revealing 
many thin-walled blood vessels containing various amounts of blood. Mucosa and 
muscularis mucosae running obliquely across the top. (X25.) B, Higher power photo- 
micrograph of submucosa revealing three thin-walled vessels in close proximity 


filled with blood (X60). 


Microscopic Study.—Sections included the entire thickness of the stomach wall with 
a fairly thick and essentially normal mucosa. The muscularis mucosa appeared 
normal. The submucosa was fairly thick, and contained a large number of fairly 
large blood spaces with thin walls lined with endothelium. The muscularis and 
serosa appeared normal. The endothelial lined spaces in the submucosa seemed to 
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indicate the presence of a cavernous type of hemangioma. The final diagnosis was 
‘‘cavernous hemangioma of the stomach.’’ 

Course.—The patient’s convalescence was smooth and uneventful. He left the 
hospital on the twelfth postoperative day, tolerating a five-meal gastric diet com- 
fortably. He has recently reported that he has no gastric symptoms, but continues 
to restrict his diet as directed. Should symptoms ever reappear, it is probable that 
radiotherapy should be considered. 


CAsE 2.—Unfortunately, nothing is known of the clinical features of this case 


except that the patient was a woman, aged 36 years, operated upon in a small hospital 


in a nearby town.’ Efforts to obtain further information have been unavailing. 





Fig. 3.—Case 2. A, Low-power photomicrograph revealing the small circumscribed 
angiomatous tumor entirely within the muscularis of the stomach wall (X10). B, 
Higher power photomicrograph revealing the mass of cells with very little stroma. 
The open blood spaces lined by endothelium can be seen. ( X25.) 
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Tissue labeled ‘‘cyst of the stomach wall’’ was sent for study, and received by the 
Department of Pathology of the University of Virginia Hospital, Nov. 11, 1939. The 
tissue was in formalin fixative, and appeared to be relatively fresh. No other tissue 
accompanied the specimen, but it is impossible to know whether the tissue repre- 
sented the patient’s primary disease or was removed as an incidental finding during 
the course of an operation for some other disease. 

Macroscopically, the tissue consisted of a small area of the entire thickness of the 
wall of the stomach, in the center a circumscribed mass 1 cm. in diameter, apparently 
representing a hemangioma in the muscularis. 

Microscopically, the mucosa and submucosa were normal except for numerous 
dilated blood channels in the submucosa. Situated within the muscularis was an 
area which consisted of a mass of cells with very little stroma. The cells were 
rounded, fairly uniform in size and shape, and contained scanty cytoplasm with 
fairly large reticular nuclei. Situated within the mass of cells were numerous small 
and large channels which were lined by a flattened layer of endothelium, and were 
filled with blood. There was some invasion of the intermuscular spaces by the 
cells, but the lesion did not extend as far as the margins of the tissue removed. 
The final diagnosis was ‘‘cavernous and plexiform hemangioma of the stomach with 


, 


rather marked endothelial proliferation. ’’ 
SUMMARY 


A brief review of hemangiomas and other benign tumors of the 
stomach has been given. Hemangiomas of the stomach appear to be 
quite rare. After a careful search of the literature, we have found only 
12 previously recorded cases. 

We have recorded two additional cases of hemangioma of the stomach 
discovered at operation. The first, a patient with a diffuse cavernous 
hemangioma involving a large area of the stomach wall and responsible 
for mild gastrie symptoms, was studied gastroscopically. Though the 
tumor was not diagnosed correctly at the time of the gastroscopic ex- 
amination, a definite organic lesion was noted. No previously recorded 
case of hemangioma of the stomach appears to have been examined 
gastroscopically. The second case report is incomplete and, because of 


our inability to obtain clinical data, is based only on the gross and 


microscopic study of tissue removed at operation elsewhere. 
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ABSCESS OF THE STOMACH WALL* 
Witu Report or A Case 


Pau K. Saver, M.D., anp James R. Lisa, M.D., New Yorks, N. Y. 
(From the Surgical Division and the Pathological Laboratory, City Hospital 
Welfare Island, Department of Hospitals, New York, N. Y.) 


HIS communication is the report of acute abscesses of the wall of 
the stomach in chroni¢e gastritis, occurring in the absence of chronic 
peptic uleer. Abscesses of the stomach wall not directly the result of a 
demonstrable ulcer of the mucosal surface and not part of a phlegmonous 


Fig. 1.—Mucosal surface of stomach with granular appearance and loss of rugae at 
pyloric end. 


*Read before the New York Surgical Society, New York City, Nov. 9, 1940. 
Received for publication, March 14, 1941. 
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gastritis must be considered a rare and unique phenomenon. Several 
pathologists among whom inquiries were made stated that they had 
never encountered it. A search of the literature failed to reveal a similar 
case. 


Fig. 2.—Serosal surface of stomach with abscesses. 


CASE REPORT 


The patient, a male, aged 35 years, a grocery clerk, was admitted to the Medical 
Service at City Hospital on Feb. 14, 1940, complaining of gaseous eructations and 
gnawing pains after eating, beginning two months previous to admission. The pain 
was increased by the ingestion of food and liquids. There was no nausea, vomiting, 
diarrhea, melena, or weight loss. 


The general physical examination was entirely negative except for a tender spot 
in the epigastrium. The blood count showed 4,270,000 red cells and 90 per cent 
hemoglobin; W.B.C., 9,300; 62 per cent polymorphonuclears; and 38 per cent 
lymphocytes. The urine was essentially negative. 
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The roentgenogram showed the stomach to be orthotonic in type. Along the 
lesser curvature there was an indrawn area or niche formation which indicated in- 
filtration. The duodenum was perfectly normal throughout. At six hours there 
was a very definite gastric retention lying along the greater curvature. There was 
a moderate gastric retention at twenty-four hours. The findings indicated ulcera- 
tion of the prepyloric portion of the lesser curvature, possibly malignant. 

A gastroscopy by Dr. H. Yarniss was reported as follows: ‘‘ At the incisura in the 
region of the lesser curvature, posterior wall, there is a whitish ulcerated flat mass. 
Near the pylorus there are two whitish nodules. The action of the pylorus is asym- 
metrical, the lesser curvature behind the incisura not being visualized. From the 
gastroscopic picture there is an ulcerating carcinoma beginning at the incisura of 
the lesser curvature and also at the pylorus. Diagnosis: Carcinoma of the pyloric 
antrum involving the entire lesser curvature and pylorus.’’ 


Fig. 3.—Abscess in section of stomach (low power). 


On March 7 the patient was operated upon for what was thought to be an 
early carcinoma at the pylorus. On opening the peritoneum and examining the 
stomach and duodenum no evidence of carcinoma or ulcer could be found. There 
were no adhesions and the gall bladder was found to be normal, Further explora- 
tion, entailing an opening into the lesser omental cavity, revealed a firm mass about 
two inches in diameter on the posterior wall of the stomach near the lesser curvature 
at about the level of the reentrant angle. The character of the pathology, however, 
could not be definitely ascertained by either palpation or inspection. Based upon 
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the report of the roentgenologist and the gastroscopist it was decided that the 
lesion was probably an early carcinoma and a resection was indicated. Hence, a 
subtotal resection with a Hofmeister modification of a Polya anastomosis was done. 
From an examination of the gross specimen after the operation, and even after 
consultation with the pathologist, the nature of the lesion could not be determined 
and had to be deferred until after examination of sections under the microscope. 
Pathologic Report.—‘‘ The specimen consists of a partially resected stomach meas- 
uring 15 by 13 by 4 cm. The mucosal surface has lost its rugal markings in one half. 
This portion is granular in appearance and has two small areas near the pylorus 
somewhat redder than the surrounding portion and not definitely ulcerated. There 
is no evidence of depressions or scars of previous ulcers. The entire wall is greatly 
thickened and gelatinous in appearance. The serosa is markedly discolored and 
hemorrhagic. In the midportion of the serosa is a firm flat mass. Histologically, 
the entire wall is greatly thickened and diffusely infiltrated by lymphoid and plasma 


Fig. 4.—Abscesses in the subserosa (high power.) 


cells. The architectural pattern of the wall is preserved and the epithelium intact 
except at the areas in the granular portion which, in the gross, appeared as small red- 
dish areas. Shallow ulcers covered by a thin necrotic layer are present in this region. 
The surrounding portions are covered by a thin epithelium. The mass on the pos- 
terior surface consists of a group of numerous small subserous abscesses. No bac- 
teria were demonstrated. Diagnosis: Chronic gastritis, Multiple acute subserous 
abscesses. ’’ 
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Although abscesses associated with phlegmonous gastritis are not un- 
common, and abscesses in contiguity with gastric ulcers are occasionally 
seen, the character of the lesion just described seems to be unique. 
During the past ten years there had been only three cases of chronic 
gastritis at City Hospital which came to operation or autopsy. Two 
of these cases were seen on the operative service and one at autopsy. 
They differed, however, in their clinical history in that there was a 
characteristic history of ulcer of several months’ duration in two in- 
stances, and in the third there was a history of ulcer for several years. 
Neither, however, showed subserous abscesses. The case found at 
autopsy presented a picture different from a chronic gastric ulcer, but 
an anemia very similar to a true pernicious anemia and nothing at all 
referable to the stomach. However, at autopsy there was a true 
phlegmonous gastritis. 

The etiology of the abscess in this ease is unknown. The findings, histo- 
logically, suggest that it is probably a true infectious lesion, most likely 
of low virulence since it caused so little disturbance in structural pattern 
and there is no large ulcer such as we see in other cases. Speculation 
might lead one to surmise that this is an early form of what later de- 
velops into a phlegmonous gastritis. If this be so, it is probably one of 
the earliest of this type of cases operated upon. 


SUMMARY 


1. A case of multiple subserous abscesses in a single locality of the 
stomach wall is described. 

2. This case is considered unique as the literature is devoid of any 
report of a similar case. 


3. The etiology remains obscure. 





ZINC PEROXIDE IN THE TREATMENT OF COMPOUND 
FRACTURES AND TRAUMATIC AMPUTATIONS 
A Report or 18 Cases 


EpwINn J. Puuaski, M.D.,* anp B. H. CHANDLER, M.D., 
PHILADELPHIA, PA. 
(From the Frankford Hospital) 


HERE is no unanimity of opinion about the treatment of compound 

fractures. Various techniques have been introduced and upheld by 
their proponents. However, the fundamental principles are the same. 
They are: (1) careful mechanical cleansing of the involved parts 
through débridement to remove all foreign material and devitalized 
tissue; (2) reduction of displacements and immobilization of the broken 
bones and adjacent joints and muscles; (3) administration of prophy- 
lactic antigas and antitetanus serums; (4) treatment of shock and ex- 
cessive hemorrhage, if present. 

Infection is one of the most important complications in traumatic 
wounds. All of these wounds are contaminated. In fact, in many 
wounds the contamination is so heavy that despite meticulous cleansing 
and the most gentle débridement, infection occurs. Furthermore, there 
are some types of contamination which the bodily defenses seem im- 
potent to combat. <A precise knowledge of the contaminating micro- 
organisms present in the wound is essential. With this knowledge at 
hand, if hemolytic streptococci or Staphylococcus aureus, the gas gan- 
grene bacilli, or other anaerobic bacteria are found, the surgeon is fore- 
warned and, therefore, forearmed to take proper precautions against 
the development of infection. 

This paper, first, will review some of the recent literature on the 
newer trends in the treatment of compound fractures ; second, will pre- 
sent and analyze the results obtained following the use of zine peroxide 
in such wounds; and third, will urge that all tissue débrided from 
traumatic open injuries be cultured aerobically and anaerobically. 

Two methods of controlling infection in compound injuries are now 
receiving world-wide attention; viz., (1) the closed plaster treatment, 
and (2) use of the new chemotherapeutic agents. The former method 
consists of the immediate application of a plaster cast after the wound 
has been made mechanically clean by the removal of all foreign matter 
and by resection of all dead tissue that can be found. No antiseptic 
is applied. All treatment is then suspended for about a month. The 
proponents of this treatment claim that its success seems to depend 
less upon the virulence, number, and variety of bacteria present than 
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upon the powers of resistance of living tissue toward microbial infee- 
tion. When the tissues are put at rest, lymphatic drainage is minimized, 
and secondary contamination is prevented. As recently pointed out 
by Higgs,’ the method has its merits as well as its disadvantages. He 
states that the advantages are: (1) The relief of pain and toxemia; 
(2) immobilization of the limb and, at the same time, mobilization of 
the patient; (3) the promotion of highly vascular granulations owing 
to which (4) necrosis and sinus formation are exceptional and, (5) 
bony union takes place in a minimum of time. The disadvantages are: 
(1) The ever present danger of development of gangrene; (2) difficulty 
in maintaining reduction; (3) poor functional results, especially of 
fractures of the femur and humerus, which are said to be extremely 
poor; (4) the smell; (5) the wounds remain ‘‘messy’’ until the plaster 
is discarded (septic dermatitis is common) ; (6) the quality of the skin 
erowing over the fracture is poor, often ridged and thickened, and 
frequently raw areas are present. Furthermore, other observers”*® state 
that suppuration may spread without visible inflammatory reaction, 
causing pyoarthritis at some distance away from the wound. Pressure 
sores may be produced. The closed plaster method, Trueta*’ states, 
sannot be used in the presence of cellulitis or already established ana- 
erobie infection. 

The sulfonamide group of drugs has been used orally and as a local 
antiseptic to prevent infection in compound fractures. Johnson’® 
treated 36 cases of compound fractures with sulfanilamide orally, in 
addition to splinting, surgery, and prophylactie antiserums. Ten of 
the cases (27.7 per cent) had gross infection in the wounds, 5 with 
Clostridium welchu, 5 with hemolytic streptococci on smear or culture, 
others with staphylococci, Bacillus coli, and saprophytic organisms. 
Three cases developed gas gangrene, and amputation was necessary in 
one. All recovered. <A fourth case developed a serious mixed bacterial 
infection and recovered. On the basis of these results the drug was 
believed ‘‘of curative value’’ and recommended as a valuable adjunct 
to treatment. However, lower incidence of infection in compound frac- 
tures has frequently been reported in the literature without the addi- 
tional use of sulfanilamide. (Hermann,® 7 per cent in 398 cases; Poyner,”* 
6.3 per cent in 269 cases; Reynolds,?* 19 per cent in 131 cases; Ritter,” 
9 per cent in 100 eases.) As regards the local use of sulfanilamide as 
an antiseptic, Jensen, Johnsrud, and Nelson® described a series of 39 
contaminated compound fractures in which the usual toilet of the 
wound was followed by the implantation of powdered sulfanilamide. 
All the wounds were then sutured, and all healed without infection 
except 2. These 2 did not become infected until the fractures were 
recompounded several days after being closed. In a control series of 
94 cases similarly treated, except for the omission of sulfanilamide, 27 
per cent of the cases were infected, including 7 cases of gas gangrene. 
No cultures of the wounds are reported, so that we do not know with 
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what organisms these authors had to deal. However, the difference 
between the treated and control group is striking. The report of Stuck 
and co-workers*®® would appear to confirm these results, although no 
control series is presented. 

Key, Lembeck, and Burford’* ** confirmed the results of Jensen, 
Johnsrud, and Nelson, and they found that the presence of the drug 
in the fracture site did not interfere materially with the healing either 
of soft tissues or of bone. Key and his collaborators** state further 
that ‘‘powdered sulfanilamide in a wound is similar to a test tube 
experiment in which a concentration of the drug of approximately 
1,000 mg. is brought in contact with any bacteria which may be present 
in the media. In such concentrations the drug is effective against 
small numbers of streptococci. However, if the number of staphylo- 
cocci or Welch’s bacilli is relatively large, infection may occur.’’ 
Campbell*® reported 54 cases of compound fractures wherein sulfanil- 
amide was used both locally and systemically. He included cases 
where internal fixation also was employed. Infection developed in 10 
eases (19 per cent). Cultures of these revealed Staph. aureus in 5, 
Welch’s bacillus in 3, and Str. hemolyticus in 1. In one instance the 
infecting organism was not recorded. No control series was presented. 
Campbell states, ‘‘The evidence presented does not prove definitely that 
sulfanilamide either is or is not a preventive of infection in com- 
pound fracture.’’ He believes, however, that the results are sufficiently 
encouraging to warrant further clinical trial for evaluation under con- 
trolled conditions.* Dunhill* and Mowlem”® in referring to patients 
evacuated from Dunkirk believed that sulfanilamide orally in conjune- 
tion with the plaster method lessened the incidence of infection, al- 
though they admitted that reliable records were not obtainable at that 
time. 

The sulfonamide group of drugs have not been shown to be specific 
against the gas gangrene organisms. The seven clinical case reports 
in the literature (Bohlman,’ 3; Kennedy,** 1; Johnson,’® 3) do not 
present convincing proof of the singular effectiveness of these drugs 
on gas gangrene. The experimental evidence is discouraging. Cald- 
well,?, Henderson and Gorer,> Legroux,’® Lockwood,'* Morales-Otero 
and Gonzalez,’* Singer,?” Spray,?* and Stephenson and Ross*® were un- 
successful in protecting or saving experimental animals when intra- 
muscular injections of pathogenic clostridia were given. The English 
authors found that a combination of sulfapyridine with specific anti- 
serum gave some encouraging results. 

Recently, however, we have had at our disposal another local anti- 
septic which, in conjunction with surgery, shows promise as a valuable 
aid in the prevention of infection. This antiseptic is zine peroxide. 


*A recent article by Campbell and Hughes (J. A. M. A. 117: 672, 1941) gave some- 
what more encouraging results, but they got 18.1 per cent infections still in 143 cases; 
the differences in percentage of infections between the “control’’ and “sulfanilamide 
treated” cases, while striking, are not significant on checking by the statistical method. 
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Johnson and Meleney® have shown that it not only has a continuous 
inhibiting effect on the hemolytic streptococcus, the gas gangrene or- 
ganisms, and other anaerobic bacteria, but has as well bactericidal and 
detoxifying action. In 20 per cent concentration it also has bacterio- 
static action against Staph. aureus and in clinical use the 40 per cent 
suspension has a favorable effect on staphylococcus in pure or in mixed 
infections in vivo. It has been shown to be noninjurious to tissues and 
noninhibitive to the healing processes. Furthermore it never manifests 
any general toxicity to the patient. Meleney’s success with its use in 
chronic burrowing undermining ulcers has been confirmed.”®> The rapid 
disappearance of the Welch bacillus in clinical gas gangrene as re- 
ported by Meleney'* seemed to demonstrate the efficacy of zine per- 
oxide in that condition. Wright*? reported the use of zine peroxide in 
osteomyelitis and compound fractures as an adjunct to the closed plaster 
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method of treatment. After débridement he dressed the wounds with 
zine peroxide combined in the proportion of 314 ounces of zine peroxide 
mixed with 4 ounces of cod-liver oil. The wounds were then enclosed 
in plaster and not dressed for four weeks. On redressing there pre- 
sented a healthy granulating wound in the process of epithelization 
and free from odor. The wound was then redressed as necessary. 
Caldwell? was able to save 4 of 5 animals with experimentally pro- 
duced Cl. welchu infected compound fractures by the use of zine per- 
oxide in the wounds following débridement and irrigation. In the 
same series of experiments the use of sulfanilamide crystals instead of 
zine peroxide resulted in the survival of only 4 of 19 animals. 


In compound fractures the incidence of infection is high. If the 


primary surgical procedure does not remove all the injured tissue, or 
is delayed, infection approaches 100 per cent. A recent study of the 
bacterial flora of 200 acute traumatic wounds confirmed the impression 
that all wounds are contaminated.?? The bacteriologic methods are 
fully reported in the previous paper. The bacteria found were: Staph. 
aureus, 104 times (52 per cent); hemolytic streptococci, 34 times (17 
per cent); nonhemolytie streptococci, 53 times (26.5 per cent) ; green 
streptococci, 18 times (9 per cent) ; clostridia, 46 times (23 per cent) ; 
enterobacilli, 46 times (23 per cent) ; and the anaerobic gram-negative 
bacilli, 3 times (1.5 per cent). Dirty wounds were apt to yield hemo- 
lytic streptococci and the gas gangrene producing anaerobic bacilli 
more frequently than ‘‘clean’’ wounds. On the basis of these findings 
it seemed logical to us that since zine peroxide is effective in vivo and 
in vitro against most of these organisms, its use in compound fractures 
and traumatic amputations would be advantageous and would reduce 
the number of infections. This paper is a report on 18 compound frac- 
tures and amputations treated with zine peroxide. There are pre- 
sented, as a control, 23 consecutive compound fracture cases treated 
similarly, except that zinc peroxide was not used. All cases were street 
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or industrial accidents. All the cases reported herein were seen within 
3 hours of the injury. 
PROCEDURE 


On arrival in emergency ward the wound was usually first covered 
with several layers of an alcohol dressing, and the injured limb was 
placed in a splint. Tetanus (1,500 units) and gas bacillus (3,500 units) 
antitoxins were given. if there was gross, excessive bleeding, the 
bleeding vessels were clamped. Shock therapy was instituted if indi- 
cated and immediate blood grouping for transfusion done. If the patient 
was in shock, he was given morphine, kept warm with blankets, and 
given an infusion of hypertonic saline solution and dextrose. He was 
not moved until the blood pressure, pulse, and respirations were favor- 
able. X-rays were always taken before and after reduction. 

Next, the patient was taken to the operating room and anesthetized. 
The skin surrounding the wound was shaved and cleansed. The in- 
jured soft tissue was then widely exposed, with enlargement of the 
skin wound as necessary, and carefully cleansed. Cultures were taken 
of the devitalized, débrided tissue. An attempt was made to remove 
all foreign bodies, and to eliminate blood elots and dead and devital- 
ized tissue. All surfaces were carefully irrigated with copious quan- 
tities of saline solution. Soap and water were used to clean greasy and 
dirt-stained tissues (the use of ether for this purpose was abandoned 
because of the resultant damage to the tissues). 

After thoroughly cleansing the wound, the fracture were reduced. 
The fragments were retained properly by internal fixation or by single 
wire traction on the extremity. The wound was then flooded with a 
freshly prepared suspension of active zine peroxide in sterile distilled 
water, filling all of the nooks, crannies, and recesses of the wound. 
The wound was then covered with a thin layer of cotton soaked in the 
zine peroxide suspension, this in turn covered with cotton soaked in 
water, and sealed with several layers of fine meshed gauze impregnated 
with vaseline or zine oxide ointment. 

Three things are essential for the successful use of zine peroxide: 

1. It must be an effective preparation (du Pont zine peroxide dis- 
tributed by Merck and by Mallinckrodt is satisfactory ). 

2. It should be brought into contact with every part of the wound 
as a creamy suspension (about 40 per cent in sterile water). 

3. It should be kept wet. Water facilitates the continuous produc- 
tion of fresh hydrogen peroxide as the oxygen is liberated from the 
zine peroxide. 

Redressing daily or every second day was done, depending on the indi- 
vidual case. For the first few days the zine peroxide was found ad- 
herent to the tissues. This was left alone. However, on irrigating the 
wound and removing the loose particles and whatever exudate was 
present, one was struck by the minimal inflammatory reaction and 
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absence of edema. The wound was then redressed as before. The zine 
peroxide did not appear to prevent the formation of granulation tissue, 
for its presence became quite obvious after the third to the fifth day. 
It rapidly increased, and as this happened, the adherent zine peroxide 
became free and was washed away. When the wound was filled with 
granulation tissue, it was ready for secondary closure or grafting. 


The results with this method of treatment are presented in Table II. 


TABLE I 


CONTROL SERIES, 23 CASES COMPOUND FRACTURES (1938-1939) 


INJURY DEATHS INFECTIONS 


4 Compound fractures of bones of skull; treat- 0 0 
ment consisted of debridement, elevation 
of bone fragments, and closure without 
drainage; cerebral concussion complicated 
3 eases of the 4 


Compound fractures of humerus, both in con- é ] 
junction with compound fractures of skull (50 per cent) 
and internal head injuries; one with simple 
fracture femur; both died, one 9 hours 
after arrival, the other 36 hours; the latter 
had infection in arm at time of death; 
treatment was for shock and débridement 
of wound; in the former there was not 
sufficient time for infection to develop 


Compound fractures of radius and ulna; treat- 
ment: débridement, reduction and immo- 
bilization; one had associated multiple rib 
fractures, fractured pubis, and internal 
injuries; died 36 hours after arrival 


Compound fractures metatarsals and_pha- ] 
langes; débridement and reduction and (33 per cent) 

immobilization in 2; no infection; ampu- 
tation of foot necessary in third; severe 
gas gangrene developed; Staph. albus, 
nonhemolytic streptococcus, Cl. welchii on 
culture; amputation through lower third of 
leg; given eighteen 20 ¢.c. doses antiserum, 
x-radiation, two blood transfusions, hydro- 
gen peroxide, sulfanilamide; reinfection 
with gas gangrene; midthigh amputation 
necessary; recovery 

1] Compound fracture of tibia and fibula; four 3 
had internal fixation after débridement (27.2 per cent) 
and no infection; seven had single wire 
traction and suspension in Thomas splint 
or plaster gutter; one developed a Staph. 
aureus infection which cleared, and an- 
other a Staph. awreus osteomyelitis which 
required partial ostectomy with fair fune- 
tional result; a third case developed a 
trivial local infection; no cultures were 
taken; one death, a 73-year-old white male 
from shock and myocardial failure 











23 cases 4 deaths 5 infections or 
21.8 per cent 
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RESULTS 


The control series of 23 consecutive compound fractures admitted to 
the hospital during 1938-39 are presented in Table I. This series is 
comparable to the inpatient cases in the zine peroxide group. The out- 
patient record of the non zine peroxide-treated compound fractures 
does not permit a comparison with the zine peroxide cases treated as 
outpatients. In 16 cases of the control series no infection developed. 
In 2 other cases 1 patient died 9 hours and the second 36 hours after 
admission, and there was no elinieal evidence of infection. Five cases 
(21.8 per cent) developed infectien. In 7 cases the wounds were 
closed. Infection (gas gangrene) developed in 1 of these (14.2 per 
cent). In 16 cases the wounds were left open. Infection developed in 
4 (25 per cent). In 1 the stump of an amputated arm appeared in- 
fected at the time of death, the second day after injury. The second 
was a mixed infection due to Staph. aureus and hemolytic strepto- 
coeci. The third was a trivial infection from which no cultures were 
taken. The last case developed a Staph. aureus osteomyelitis. The 
differences in percentage of infections between the closed and open 
wounds is partly explained by the fact that only the most favorable 
cases, as regards degree of contamination and devitalization of tissue, 
were closed. The more serious and dirty wounds were left open. Four 
of the patients in this series died. There were no deaths attributed to 
infection. 

The treated series covers a period of one year, beginning July, 1939, 
during which 18 cases of compound fractures received zine peroxide 
locally in addition to surgery, splinting, and administration of tetanus 
and gas bacillus antisera. There were 10 injuries to the phalanges, 1 
crushing injury of the foot, 1 fracture of the tibia and fibula, 2 trau- 
matic amputations of the humerus, and 4 fractures of bones of the 
skull. In 13 patients the wounds were left open and treated with zine 
peroxide, and no infections developed. From 5 of these hemolytic 
streptococci were cultured from the débrided tissue fragments, from 3, 
nonhemolytie anaerobic streptococci, and from 2, Cl. welchv. Staphy- 
locoeei were present in conjunction with these organisms in every case. 
In 1 patient the wound was left open and treated with 10 per cent 
merecurochrome and boric acid compresses. Infection developed yield- 
ing hemolytie streptococci but cleared rapidly with the change to zine 
peroxide applications. In 4 patients the wounds were closed following 
débridement and reduction, and each wound subsequently became in- 
fected. Two yielded hemolytic streptococci on preliminary culture; 1 
also had an aerobic nonhemolytie streptococcus, and another, B. an- 
thracis. In the fourth case no cultures were taken. After opening 
the wounds and treating them with zine peroxide, the infections 
promptly cleared. There were 3 deaths in this series. Two were in 
men over 70 years of age and were attributed to uncontrollably severe 
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shock and myocardial failure. The third death was twenty-four days 
after the accident and was due to a hemolytic streptococcus, cerebro- 
spinal meningitis, and pneumonia. Sulfanilamide and sulfapyridine 
were not effective. The wounds in all 3 patients were benign and heal- 
ing at the time of death. 

COMMENT 


Zine peroxide dressings bring about a prompt visible change in the 
appearance of the wounds treated. For the first two days the surface 
of the wound is gray with adherent particles of the zine peroxide. One 
is struck by the absence of any swelling, redness, or other indication 
of inflammation. On the third or fourth day pinpoint granulations 
appear and rapidly spread over the entire wound surface. The new 
tissue is bright, shiny, red, and firm, and there is no evidence of the 
invasion or activity of micro-organisms. The change of dressings every 
day or every other day does not disturb the immobilization of the frac- 
ture. The dressing probably could be left much longer without chang- 
ing. Meleney’ has left zine peroxide dressings as long as nine days 
in the perineal wound of an abdominoperineal operation. Wright?® has 
left them sealed under plaster in compound fractures for four weeks. 

Zine peroxide does not interfere with the radiographic evidence of 
callus formation. Although it is radiopaque, it can be easily distin- 
guished. It does not get lost in the interstices of the wound but is 
discharged by the proliferation of granulation tissue. Because it is 
not absorbed, it should not, of course, be used in wounds which are to 
be closed. In open wounds, however, with the use of zine peroxide, 
serious infections with gas gangrene organisms, and other anaerobic 
bacteria, as well as with hemolytic streptococci and other susceptible 
organisms, are avoidable. Infections due to susceptible organisms re- 
spond rapidly when the drug is brought in apposition to the infected 
tissue. Zine peroxide never manifests any general toxicity to the pa- 
tient. Its use in compound fractures obviates the objectionable odors 
attendant upon the closed plaster method. While the series is small 
because of the termination of resident service, the results obtained are 
sufficiently encouraging to warrant further use of zine peroxide pro- 
phylactically in the prevention of infection in compound fractures. 


SUMMARY 


1. The recent literature on compound fracture therapy is reviewed. 

2. Traumatic wounds are always contaminated. The most virulent 
contaminating organisms are the hemolytic streptococci, the clostridia, 
and other anaerobic organisms, all of which are susceptible both in 
test tube and in vivo to zine peroxide. 

3. The results on 18 cases of compound fractures and traumatic 
amputations treated with zine peroxide are analyzed. Thirteen wounds 
left open and treated with zine peroxide healed without infection. One 
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wound left open and treated with 10 per cent mercurochrome and boric 
acid became infected. Infection promptly cleared with zine peroxide. 
Four wounds closed primarily became infected ; on reopening, zine per- 
oxide therapy rapidly cleared the infections in each case. In 23 ‘‘con- 
trol’’ cases not receiving zine peroxide treatment, the incidence of in- 
fection was 21.8 per cent. 


4. The method of using zine peroxide in these cases is given in detail. 


5. Finally, a plea is made for the routine aerobie and anaerobie cul- 
ture of all traumatic wounds. Precise knowledge of the bacterial flora 
contaminating such wounds is essential, not only for the anticipation 
of and the prevention of infection, but also for the proper evaluation of 
the results of treatment instituted to combat it. 


REFERENCES 


. Bohlman, H. R.: Gas Gangrene Treated With Sulfanilamide, J. A. M. A. 109: 
255, 1937. 

. Caldwell, G.: Treatment of Gas Gangrene Experimentally Produced, J. Bone 
& Joint Surg. 23: 81, 1941. 

. Campbell, W. C.: Sulfanilamide and Internal Fixation in the Treatment of 
Compound Fractures, J. Bone & Joint Surg. 22: 959, 1940. 

. Dunhill, Sir Thomas: Chemotherapy for War Wounds, Brit. M. J. 1: 642, 1940. 

. Henderson, D. W., and Gorer, P. A.: Treatment of Certain Experimental 
Anaerobie Infections With Sulfapyridine and With Immune Sera, and 
Problem of Synergistic Action, J. Hyg. 40: 345, 1940. 

. Hermann, O.: Compound Fracture Therapy at the Boston City Hospital, 
Arch. Surg. 40: 853, 1940. 

. Higgs, 8. L.: Closed Plaster Treatment of Wounds, Brit. M. J. 1: 800, 1940. 

. Jensen, N, K., Johnsrud, L. W., and Nelson, M. C.: The Local Implantation 
of Sulfanilamide in Compound Fractures, Surgery 6: 1, 1939. 

. Johnson, B. A., and Meleney, F. L.: The Antiseptic and Detoxifying Action 
of Zine Peroxide on Certain Surgical Aerobic, Anaerobic, and Micro- 
Aerophilic Bacteria, Ann. Surg. 109: 881, 1939. 

. Johnson, R.: Chemotherapy in the Prevention of Infection in Compound 
Fractures, Am. J. Surg. 49: 195-200, 1940. 

. Kennedy, W. C.: Therapy of Gas Gangrene With Report of Case; Illinois 
M. J. 73: 260, 1938. 

. Key, J. A., and Burford, T. H.: Local Implantation of Sulfanilamide in 
Compound Fractures: Its Effect on Healing, South. M. J. 33: 449, 1940. 

. Key, J. A., Frankel, C. J., and Burford, T.: The Local Use of Sulfanilamide 
in Various Tissues, J. Bone & Joint Surg. 22: 952, 1940. 

. Key, J. A., and Lembeck, J. A.: Local Use of Sulfanilamide in Compound 
Fractures and Other Wounds, Indust. Med. 9: 493, 1940. 

. Legroux, R.: Chemical Prevention of Bacterial Infection in War Wounds, 
Méd. Acad. de chir. 66: 415, 1940. 

. Lockwood, J. S.: Sulfanilamide in Surgical Infections, J. A. M. A. 115: 
1190, 1940. 

. Meleney, F. L.: Personal Communication. 

. Idem: Zine Peroxide in Surgical Infections, S. Clin. North America 1: 707-708, 
1936. 

. Morales-Otero, P., and Gonzalez, L. M.: Effect of Azosulfamide (Neo- 
prontosil) in Experimental Welchii Infections in Mice, Proc. Soc. Exper. 
Biol. & Med. 44: 532, 1940. 

. Mowlem, R.: Closed Plaster Treatment of Wounds, Brit. M. J. 1: 801, 1940. 

. Poyner, H.: End Results in 1000 Consecutive Industrial Fractures, Texas 
State J. Med. 34: 284-288, 1938. 

. Pulaski, E. J., Meleney, F. L., and Spaeth, Wm. L. C.: Bacterial Flora of 
Acute Traumatic Wounds, Surg., Gynec., & Obst. 72: 982-988, 1941. 

. Ricard, Francillon, Deplante, and Mathevon: Treatment of Extensive Wounds 
of the Limbs by Plaster and Infrequent Dressings, Lyon chir. 36: 573-583, 
1939-40. 





SURGERY 


. Reynolds, J. T., Zeiss, C. R., and Cubbins, W. R.: Compound Fractures, Arch. 
Surg. 40: 844, 1940. 


5. Ritter, H. H.: Management of Compound Fractures, Arch. Surg. 34: 527-53, 


1937. 

. Shallow, T. A., Fry, K. E., and Pulaski, E. J.: The Effect of Zine Peroxide 
Treatment on Uleers Due to the Micro-Aerophilic Hemolytic Streptococcus, 
Surg., Gynec. & Obst. 70: 987, 1940. 


27. Singer, E.: Experimental Studies on Combined Sulfanilamide and Serum 


Treatment of Gas Gangrene Infections, M. J. Australia 2: 275, 1940. 


28. Spray, R. 8.: Bacteriostatic Action of Prontosil Soluble, Sulfanilamide and 


Disulfanilamide on the Sporulating Anaerobes Commonly Causally Associ- 
ated With Gas Gangrene, J. Lab. & Clin. Med. 23: 609, 1938. 


29. Stephenson, D., and Ross, H. E.: The Chemotherapy of Cl. welchii Type A 


and Cl. septique Infections in Mice, Brit. M. J. 1: 471, 1940. 

. Stuck, G., Maxwell, E. A., and Monsalvo, R. N. O.: Crystalline Sulfa- 
nilamides in Compound Fractures, Texas State J. Med. 36: 225-228, 1940. 
. Trueta, J.: Treatment of War Wounds and Fractures, New York, 1940, 
Paul B. Hoeber, Ine. 


2. Wright, P. B.: Osteomyelitis and Compound Fractures; Treatment With 


Zine Peroxide and Codliver Oil, J. M. A. Georgia 28: 59, 1939. 





TREATMENT OF FRACTURES IN THE NECK OF THE 
HUMERUS WITHOUT IMMOBILIZATION 


EpwWIN O. GECKELER, M.D., PHILADELPHIA, PA. 
(From the Fracture Service, Hahnemann Medical College and Hospital) 


RACTURE in the upper end of the humerus is a common occurrence 

in persons of advanced years, and until recently the permanent handi- 
cap which followed this injury was almost a foregone conclusion. Most 
of these fractures unite within a few weeks under any form of treatment, 
but with former methods as attention was directed to the fracture alone 
the end result in many instances was a poorly functioning limb. The 
disability not only was caused by adhesions and contractures which 
occurred in the shoulder joint from binding the arm to the chest, but 
also was due to prolonged immobilization of the other joints in the dress- 
ing. 

In order completely to reduce and immobilize such a fracture, and to 
prevent much disabling tightness of the shoulder, we formerly used 
plaster of Paris spicas or body casts, which held the lower fragment 
of the humerus in the abducted position to meet the upper fragment. 
Fractures without displacement also were immobilized in partial abduc- 
tion, in order to prevent the disability which resulted from binding the 
arm to the chest. However, although these body casts maintained com- 
plete reduction and prevented the disabling contracture of the shoulder 
caused by the Velpeau dressing, their heavy weight and awkwardness 
were a great burden to these older patients. Furthermore, such complete 
immobilization of the entire limb in plaster of Paris left the patients 
with the same muscular weakness and stiffness of joints which bandaging 
the limb to the body had produced. Our dissatisfaction with results 
prompted us to treat this injury in an entirely different manner. 

RECENT DEVELOPMENTS 

Watson-Jones' has simplified the treatment of fractures in this loca- 
tion by disregarding the customary classification of the anatomical and 
surgical necks of the humerus, dividing them into the abduction and 
adduction forms. The essential feature of reduction in most instances is 
moving the distal or shaft fragment to meet the proximal or immovable 
fragment, by adduction or abduction according to the displacement. The 
fragments will remain in a relatively normal position after reduction, 
providing the arm hangs at the side of the body, without support to the 
elbow. The hanging position for fractures in the neck of the humerus 
is rational. In discussing fractures above the insertion of the pectoralis 
major, Griswold? calls attention to the squeezing effect on the fragments 
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by longitudinal muscles while traction is made with the arm held parallel 
to the body. Howard and Eloesser* have shown that tension of the 
tendon of the long head of the biceps controls the upper fragment by its 
pressure in the bicipital groove while the arm hangs by the side of the 
body, and the weight of the arm itself causes slight traction. Much 
less traction is needed in the adducted position than while the arm is 
held in abduction. Occasionally, in fractures high in the neck with 
marked adduction angulation, reduction can be obtained and maintained 
only by wide abduction. Obviously, in these cases the hanging position 


is contraindicated. 


Supraspinatus 


Latissimus dorsi 
Pectoralis major 
Teres major Deltoid 








Fig. 1.—A. Typical fracture in the neck of the humerus, showing effect of muscular 
attachments in displacement of the fragments. B. Satisfactory alinement produced by 
the traction effect of the weight of the arm in the hanging position. 


PERSONAL EXPERIENCES 


For several years I examined fractures in the neck of the humerus 
under the fluoroscope to determine definitely which cases were impacted. 
The routine treatment for impacted fractures was rest in a sling for two 
weeks, after which activity was encouraged; in a number of instances 
the patients were observed to have commenced exercises of their own 
accord, as they had very little pain. Later the simple form of hanging 
cast for ambulatory traction as originally advocated by Caldwell* and 
subsequently recommended by Griswold and others was used. Caldwell’s 
method® is a departure from the usual routine of complete and continu- 
ous immobilization, and consists of a heavy plaster of Paris cast applied 
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to the arm and forearm with the elbow held at a right angle; a loop of 
bandage is fastened to the plaster at the wrist, and this bandage is passed 
around the neck to form a sling. While wearing this the patient per- 
forms relaxed swinging exercises frequently, these exercises beginning 
the day after injury. This method was found to be a decided improve- 
ment. The atrophy caused by complete immobilization was prevented, 
and early exercises prevented limitation of abduction and rotational 
movements at the shoulder. A number of impacted fractures then were 


treated by early exercises alone, with excellent results. 


A. B. 


Fig. 2.—A. H. M. Severe fracture before treatment. Note the rotation of the head, 
and extreme displacement of the shaft of the humerus. B. Same fracture as shown in 
A, after application of a simple sling from the neck to the wrist. The alinement of 
the fragments, although ,not perfect, was satisfactory and union with good function 
was secured by relaxed movements without immobilization. 


Fig. 3.—Relaxed abduction and circumduction exercises of patient whose x-ray 
films are shown in Fig. 2. This photograph was made on the third day after injury. 
Note accompanying injury to the soft structures. 
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‘The favorable experience with impacted fractures treated by im- 
mediate voluntary motions, without immobilization or even a hanging 
east, led to treating the unimpacted fractures in the same manner. This 
treatment was prompted by the observation that the fragments in un- 
impacted cases were held relatively immobile by muscle spasm, and that 
early relaxed movements by the patient as in stooping did not disturb 
the fragments or cause pain. There were numerous cases in which con- 
siderable movement of the fragments was noted under the fluoroscope, 
yet even in these instances a wide range of shoulder motions was 
obtained within a short time because the arm was treated without the 
customary immobilization. Later several extreme cases in which the 
fragments were markedly displaced were manipulated, and after reduc- 
tion were treated in like manner. It was observed that cases of fractures 
caused by such indirect violence as falling on the outstretched hand 
recovered in a relatively shorter time, although comminuted fractures 
which were caused by direct force as falling on the side of the shoulder 
usually were followed by a longer period of disability on account of 
greater soft tissue injury. All of the fractures united within eight 
weeks, 


A. B. 
a he Reece but t re ) vabl a oo b. Nag aacetion of fi “ n be algae yey t en ae 
film five weeks after injury shows union. 

These results demonstrated that easy, relaxed movements prevent 
muscular atrophy and limitation of shoulder function, and at the same 
time do not interfere with union. The patient will not move the limb 
further than to the point of discomfort, which range increases day by: 
day, and thus there is no liability to displace the fragments. Absolutely 
no passive movements are given, as manipulation would interfere with 
union. In the upright position the arm cannot be raised forward or 
outward voluntarily, but, in stooping, the arm can be swung by relaxed 





GECKELER: TREATMENT OF FRACTURES WITHOUT IMMOBILIZATION 921 


movements at the shoulder joint. Use of the hand and elbow for light 


occupations about the home is encouraged. The psychological element 
of this treatment also is helpful, as relaxed voluntary movements over- 
come the fear and consequent delay in recovery which are common after 


Fig. 5. Fig. 6. 


Fig. 5.—Simple sling from the neck to the wrist used for these fractures. The 
fragments are controlled by the traction from the weight of the arm, and by muscle 
tension. Note that the elbcw is held at a right angle, and that this sling produces 
slight abduction at the shoulder. 

Fig. 6.—Double exposure. Flexion and extension at the shoulder secured by the 
“sawing” exercise. 


Fig. 7. Fig. 8. 

Fig. 7.—‘‘Dipping’’ exercise, with the shoulder relaxed in stooping. 

Fig. 8.—Circumduction by swinging movements, with the arm hanging in abduc- 
tion. The patient must bend forward as far as shown. These relaxed movements are 
performed completely by the average patient within six weeks after injury. In the 
case shown there was 90 per cent of the normal range of voluntary movements after 
nine weeks. 
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any form of immobilization. In all of the instances there is a progressive 
return of shoulder motions, and union occurs as rapidly as in those 
treated by complete immobilization. Even in severe cases the sling from 
the wrist to the neck can be discarded after three or four weeks. Ob- 
viously a good result depends upon the complete cooperation of the 


A. 


Fig. 9 A and B.—L. G., aged 64 years. Fracture without impaction. Within six weeks 
after injury there was a free range of the relaxed movements and firm union. 


Fig. 10. 


Figs. 10 and 11.—Functional result twelve weeks after fracture shown in Fig. 9. There 
is a complete range of abduction and of external rotation. j 


patient in following out the prescribed exercises thoroughly and often, 
and repeated instructions and check-up by the attending physician are 
necessary. In all of the fifteen cases I treated and under my supervision 
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the functional results were good. In three cases even without complete 
reduction the function was satisfactory on account of the preservation 
of movements. 

SUMMARY 


A simple and effective treatment for a majority of fractures in the 
neck of the humerus has been described. Its chief feature is the 
preservation of movements in the limb, in contrast to the former cus- 
tomary immobilization which often was followed by permanent limita- 
tion of movements and weakness. This method consists of supporting 
the wrist with a sling and encouraging immediate relaxed exercises. It 
is an exception to the general rule that all fractures must be immobilized 
for at least a preliminary period. Careful observation shows that the 
method described does not cause delay in union. It is recommended for 
all fractures in the neck of the humerus, except when fracture-dislocation 
or decided displacement exists. 
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TIBIAL EPIPHYSIOTOMY FOR SEVERE GENU RECURVATUM 


Ross SUTHERLAND, M.D., Los ANGELES, CALIF., AND 
M. JoHNn Rowe, Jr., M.D., Lone Beacu, Ca.ir. 
? ? ? > 
(From the Tichenor Orthopedic Clinic, Long Beach) 


HE correction of severe paralytic genu recurvatum is a major prob- 

lem. Many surgical methods advocated have consisted of soft tissue 
corrective work which eventually has often allowed regression to the 
original deformity by action of the original causative factors. 








Fig. 1.—Tibial epiphysiotomy with wedge grafts from tibial crest. 


The procedure here presented arose from observation of the necessity 
of splinting fractured tibial spines in complete knee extension to prevent 
flexion deformity. Recent work! has confirmed the belief that the tibial 
spines and anterior articular surfaces are the only bone block to ex- 
tension of the knee, the other limiting factors being soft tissue (capsule, 
lateral and cruciate ligaments) and muscle action. Brett? has described 
a method of correction by elevation of the anterior articular surfaces 
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of the tibia in the mature adult after closure of the epiphyses. A com- 
prehensive report® has demonstrated that all growth in length of the 
long bones occurs on the diaphyseal side of the epiphyseal line and that 
articular cartilage growth is at the articular surface. 


Fig. 2.—Paralytic genu recurvatum. A. Prior to operation. B. Twelve weeks post- 
operatively. 


Since experience has shown that corrective surgical procedures should 
make use of all possible adaptive processes of the growing child, such 
procedures should be done at the earliest possible time after the indica- 
tion becomes evident when benefit and not harm can be done to the 
individual. As a logical corollary to the studies mentioned, a linear 
tibial epiphysiotomy seemed an ideal simple method of correcting the 
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deformity of genu recurvatum by using the normal mechanism of the 
knee joint to prevent hyperextension and to establish correct alignment 
of the leg. The fear of epiphyseal injury in this area has been dispelled 
and neither the epiphyseal growth area nor the joint is disturbed. 


B. 
Fig. 3.—X-ray in complete extension. A. Prior to operation. B. Twelve weeks post- 
operatively. 

The procedure used consists of a longitudinal incision over the an- 
terior aspect of the knee and upper half of the tibia. The patellar 
tendon is sectioned, the joint inspected, and the epiphysis and upper 
third of the tibia exposed. With a wide thin osteotome, a linear oste- 
otomy is made across the middle of the epiphysis parallel to the articular 
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surface and extending almost to the posterior cortex of the epiphysis. 
This is gently pried apart anteriorly and wedge-shaped grafts taken 
from the tibial crest are inserted firmly to maintain anterior distraction. 
The recurvatum is corrected entirely at time of surgery. The patellar 
tendon is sutured, the wound closed, and a long leg cast applied with the 
knee in moderate flexion. Immobilization for about twelve weeks in 
children gives firm union. 

The case presented is that of a 10-year-old girl with a completely 
flail leg which has shown remarkable increase in stability following this 
procedure but which will require additional stabilizing procedures on 
the foot, ankle, and possibly the hip. 

A method of correction of genu recurvatum is presented, using the 
normal physiologic knee-joint mechanism to block hyperextension by 
rigid structures, which is performed during the growth period, thus 
obviating long-continued brace use and increase to more severe de- 
formity during the wait for epiphyseal closure. 
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BLASTOMYCOSIS OF BONE 
A REVIEW or 63 COLLECTED CASES, oF WHICH 6 RECOVERED* 


Rosert RANDOLPH JONES, JR., M.D., AND Donaup S. Martin, M.D., 
DurHaAM, N. C. 


(From the Departments of Surgery, Bacteriology and Medicine, Duke University 
School of Medicine and Duke Hospital) 


N REVIEWING the literature on generalized blastomycosis we have 

been able to collect 63 cases which showed evidence of bone involve- 
ment. Six of these patients recovered after treatment, 3 were not fol- 
lowed sufficiently long to determine their end result, and 53 died of the 
disease. The detailed case report accompanying this article (page 939) * 
records the history of a seventh patient with bone blastomycosis who was 
cured after prolonged treatment. Because of the usually poor thera- 
peutic results, we believed it of interest to summarize our present knowl- 
edge of this type of infection and to outline certain studies which we 
have found valuable in the diagnosis, prognosis, and treatment of the 
disease. 

Although the cutaneous type of blastomycosis is familiar to most 
physicians, the generalized form of the disease is less easily recognized 
unless it begins with characteristic skin lesions. However, the first signs 
of infection may be the presence of abscesses in the subcutaneous or 
deeper tissues. These lesions may resemble either the tuberculous-like 
‘‘eold’’ abscess or may be of the acute pyogenic inflammatory type. 
More commonly the initial symptoms are pulmonary, characterized by 
the development of a cough productive of small amounts of mucoid 
sputum. Pleural pain may be the presenting symptom. In 13 patients 
with bone involvement the primary complaint was arthritic pain in the 
back or about the joints of the extremities. In 2 cases with bone lesions 
the initial diagnosis was ‘‘articular rheumatism.’’ 

In the majority of cases the course of the disease is that of a chronic 
febrile illness with progressive loss of weight and strength, a moderate 
secondary anemia, and leucocytosis. The pulmonary symptoms may 
dominate the picture, the patients having cough, varying amounts of 
sputum, hemoptysis, or pleural pain. Often there oceurs progressive 
development of soft tissue abscesses with or without bone involvement. 
In allergic patients these abscesses may develop very rapidly, show 
signs of acute inflammation, and contain a bloody tenacious exudate. 
If the degree of allergy is less marked, the ‘‘cold’’ abscesses contain 
thick purulent material. If these break through the skin or are drained, 
they frequently lead to the formation of chronic sinuses which drain a 
thin yellow pus. The foci of infection in the bones of the extremities 

*Aided by a grant of the John and Mary R. Markle Foundation. 
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(Table I), if located near the epiphyseal lines, may extend into joints 
and form pyarthroses which in turn may drain to the surface through 
chronic sinuses. Paravertebral or psoas abscesses may form from ex- 
tension of spine lesions (Table I). Usually the patient succumbs with 


TABLE I 


DISTRIBUTION OF BONE AND JOINT LESIONS IN 63 REPORTED CASES OF 
GENERALIZED BLASTOMYCOSIS 








LOCATION LOCATION phate LOCATION a 

CASES CASES CASES 
Vertebra* 25 Shoulder 1 Hip 3 
Skull 21 Elbow 7 Knee 11 
Ribs 19 Ulna 4 Tibia 16 
Sternum 8 Radius 2 Fibula 6 
Clavicle 4 Carpus 10 Patella 3 
Scapula 2 Metacarpals 5 Tarsus 12 
Pelvis 5 Phalanges é Metatarsals 10 


Humerus 4 Femur 4 Toes 3 








*Paravertebral abscesses were present in 14 cases. 


a widespread infection involving not only his skin, soft tissues, lungs, 
and bones but also the lymph nodes, spleen, liver, and kidneys. In some 
cases the central nervous system, prostate, heart, and peritoneum have 
been affected. 

Our present concepts of the gross and microscopic pathologic changes 
in this disease are based largely on Stober’s™ description of the necropsy 
findings in a large series of cases reported from Chicago. The skin and 
respiratory tract are the chief portals of entry, and from either site 
there is a marked tendency for the disease to spread by direct extension 
or by contiguity of tissue. It is well to note here that two of Stober’s 
cases developed systemic blastomycosis directly following curettement 


of skin lesions. The pulmonary infection appears first in the bronchi 


and these lesions spread to become associated with bronchopneumonia 
in the adjacent lung. The pleura, the pericardium, and the mediastinal 
lymph nodes may be involved by lymphatic extension from the pul- 
monary focus. Having entered the blood stream from the lung or the 
skin, the organisms may be disseminated throughout the body to pro- 
duce multiple metastatic foci. These, in their turn, may cause further 
blood stream infection and reinfection of the lungs and other tissues. 
By this means the skin, the subcutaneous tissue, the muscles and bones, 
and all the important viscera may be involved. 

The tissue reaction to the presence of the organism may be quite 
variable. Usually the infected areas show round-cell infiltration, not 
infrequently associated with polymorphonuclear leucocytes, or giant 
cells or both. However, blastomycetes may be found in tissues showing : 
no histologic change, or the only alteration noted may be small areas 
of necrosis. Extensive necrosis with abscess formation is common. The 
typical gross lesions of the disease are the cutaneous ulcers, the deep and 
superficial abscesses, and the tubercle-like nodules in the viscera. 
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In bone the infection may be a localized or a diffuse osteomyelitis, a 
periostitis, or, if a joint is involved, an arthritis. In the long bones the 
primary focus usually is found at the epiphyseal line and at times the 
areas of bone destruction resemble infarcts. Microscopic sections show 
many fungi invading the marrow compartments with the usual cellular 
reaction, necrosis of the marrow cells, and bone destruction. As the 
bone partitions disappear, the separate foci may become confiuent and 
form abscesses with separation of sequestra. The joint usually is in- 
fected by extension from a focus in adjacent bone through the synovium 
or cartilage. 

The clinical diagnosis of blastomycosis may be suspected from the 
history and the physical findings. However, a similar picture can be 
produced by infections with other fungi, tuberculous osteomyelitis, and 
tertiary syphilis of bone. One of our patients, with lesions of the chest 
wall and ulna, was thought to have an Ewing’s sarcoma until further 
studies disproved this impression. To establish an unequivocal diagnosis, 
the clinical impression must be supplemented by laboratory studies. 

The isolation and identification of Blastomyces dermatitidis from in- 
fected secretions or exudates is proof of infection and should be at- 
tempted in all cases. The characteristic double-contoured organisms 
usually can be seen by direct microscopic examination of unstained 
material and the diagnosis can be confirmed by finding the organisms 
in fixed tissue biopsy sections stained with hematoxylin and eosin. 
Tissue examination and cultures, however, are time consuming and we 
believe that aspiration, drainage, curettage and biopsy often are best 
deferred until the patient’s allergic reaction has been determined by 
skin tests with a vaccine made from heat-killed Blastomyces. This test 
and the complement fixation test to be described are also of diagnostic 
value. 

The skin tests are done with a heat-killed vaccine. This vaccine is 


prepared by suspending, in sterile saline solution, the yeastlike organ- 


isms from a culture of Blastomyces dermatitidis grown on blood agar at 
37° C. This suspension is centrifuged in a Hopkin’s tube and the sedi- 
ment suspended in enough saline solution to make a 1:1,000 dilution by 
volume. The standardized suspension is heated to 60° C. for four hours 
and tested for sterility by heavily inoculating a blood agar slant and 
incubating at 37° C. for at least ten days. Tricresol, 0.35 per cent, is 
added as a preservative. This material is used for skin testing by in- 
jecting 0.1 ¢.c. intracutaneously. Usually an area of erythema appears 
about the site of injection within fifteen to twenty minutes. This reaction 
is not specific and is found in patients having pulmonary disease of other 
types. The characteristic positive reaction, beginning after twelve to 
twenty-four hours and reaching a maximum in two to four days, re- 
sembles closely a positive tuberculin reaction. In very allergic patients 
a sterile abscess may form at the site of inoculation. The occurrence of a 
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positive reaction may be taken as presumptive evidence of the presence 
of a blastomycotic infection and this diagnosis is strengthened further by 
finding of complement fixing antibodies in the serum of the patient. 

The complement fixation test specific for Blastomyces dermatitidis 
has been described by one of us (D. S. M.),°* and can be done in any 
laboratory equipped to do blood Wassermann reactions. The propor- 
tions of material and reagents are the same as used in the Wassermann 
test except for the substitution of a fungus suspension for the beef-heart 
antigen. Both of these procedures, i. e., the test for sensitivity to heat- 
killed Blastomyces vaccine and the complement fixation test, can and 
should be carried out as initial studies on patients suspected of having 
blastomycosis. 

When reviewing the reported cases of blastomycosis, one frequently 
encounters instances where the diagnosis is based on the finding of the 


typical double-contoured round or oval bodies in secretions or exudates. 
These organisms should always be searched for, although from a diag- 
nostic viewpoint the demonstration of organisms Blastomyces derma- 


titidis in secretions or exudates should not be considered unequivocal 
proof of blastomycosis. Benham has emphasized the fact that other 
fungi causing generalized lesions may appear as rounded bodies in 
tissue fluids. Some physicians, unfamiliar with the appearance of the 
fungus, have had some difficulty in distinguishing between these organ- 
isms and fat globules, disintegrating white blood cells and artefacts in 
sodium hydroxide preparations. 

In addition to these studies, it is important to obtain roentgenograms 
of the chest in all cases of suspected infection because the lungs are the 
most common portal of entry of the fungus. Roentgenograms also may 
be made of any bone thought to be involved by the infection and particu- 
lar attention should be paid to the possibility of spine lesions in patients 
who complain of backache. Plates should be taken at four- to six-week 
intervals to follow the progress of the bone lesions. In the case of a 
solitary bone lesion, it may be difficult for the roentgenologist to dif- 
ferentiate between tuberculous osteomyelitis, a primary osteoclastic 
tumor (such as Ewing’s sarcoma and myeloma), and gumma of bone. 
However, when there are multiple bone lesions, a roentgenologice diag- 
nosis of blastomycosis can be suspected. . Well-localized, sharply defined 
destructive processes in the metaphyses, when multiple, suggest blas- 
tomycosis rather than the other conditions listed above. It has been 
stated that roentgenologic differentiation between blastomycosis and 
coccidioidal granuloma is difficult if not impossible. 

As in any chronic debilitating illness, general hygienic measures are 
of first importance in the treatment of patients having generalized 
blastomycosis. Patients having this disease usually are individuals 
whose economic status is poor and who have been on an inadequate diet 
for months or years. Bed rest and an adequate diet are essential. The 
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diet should be supplemented by the administration of cod liver oil, 
large quantities of orange or tomato juice, and brewers’ yeast. Anemia, 
if present, should be treated appropriately. The administration of 
potassium iodide is best deferred and the care of the local lesions should 
be purely palliative and conservative until the diagnosis has been 
established and the patient’s allergic status determined. 

The skin test with Blastomyces vaccine serves not only as a diagnostic 
procedure but also as a means of determining whether or not the patient 
should be desensitized. If the vaccine produces a sterile abscess, desen- 
sitization should be started with a dose of 0.1 ¢.e. of a 1:1,000 dilution 
of the vaccine (a 1:1,000,000 dilution of the original material). This 
is administered no more frequently than every other day and the dosage 
is kept below the point of causing a local or general reaction. Less 
sensitive patients can be started with a higher initial dosage. After the 
degree of allergy has been reduced, as judged by skin testing, iodides 
may be administered cautiously. We usually give a saturated solution 
of potassium iodide; beginning with 3 drops t.i.d. and increasing 1 
drop per dose every day until tolerance is reached. In the case of an 
exacerbation of symptoms following the taking of iodides, the drug 
should be discontinued promptly and further attempts made to desen- 
sitize the patient. Complete desensitization is not thought necessary ; 
however, the Blastomyces vaccine should be given until iodides are 
tolerated without unfavorable reaction. Beyond this the patient’s 
need for the repeated administration of vaccine may be prescribed ac- 
cording to the judgment of the physician. 

The care of the local lesions is best limited to conservative measures 
until desensitization is well under way and the administration of iodides 
has been started. Aspiration of deep or superficial abscesses may be 
done early when this procedure is necessary to establish a diagnosis, but 
it is best deferred until after medical treatment has been given. Open 
drainage of abscesses, curettage of ulcers or sinuses, and sequestrectomy 
are thought to be contraindicated in generalized blastomycosis by some 
observers. We believe that these procedures may be necessary at times, 
but that they should not be done until partial desensitization has been 
accomplished and iodides have been administered. Although amputa- 
tion has been reported as curing at least one patient and may be in- 
dicated when the bones of the foot and ankle have been extensively 
damaged, the generalized nature of the infection should be kept in 
mind and this procedure used only as a last resort. In our experience we 
have encountered one patient with blastomycosis of bone who showed 
no evidence of skin sensitivity to Blastomyces vaccine. The treatment in 
this case is recorded in a subsequent report (page 939) .°7 

Potassium iodide was given to all six patients who recovered from 
bone blastomycosis (Table II). Three of these also received helio- 
therapy which was believed to be beneficial. Two patients were given 
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TABLE II 


CASES OF GENERALIZED BLASTOMYCOSIS WITH BONE LESIONS WHICH RECOVERED 








Herrick:23 White, female, 24 years of age. Onset with rheumatic pains in left 
gluteal region. Subsequently developed seventy-nine different lesions which in 
some instances, as in the case of the fingers, destroyed bone. Treated with 
potassium iodide by mouth and drainage of the local foci. No improvement until 
moved residence to California and lived out-of-doors. Recovery after an illness 
of three years’ duration. 

Boughton and Stober:6 White, male, 29 years of age. Onset with pain in the 
chest, cough, fever, and weakness. The dorsum of the feet became swollen and 
tender and the initial diagnosis was ‘‘rheumatism.’’ Total of twenty-four le- 
sions developed, including multiple abscesses and foci in the upper and lower 
ends of the right tibia. Treated first with potassium iodide for two and one- 
half months but without improvement until blastomyces vaccine given. The latter 
caused inflammatory reaction about lesions but was followed by healing. Roent- 
genograms showed evidence of bone healing and recovery after further treatment 
with potassium iodide and vaccine. Reported as apparently well eighteen months 
after the onset of first symptoms. 

Marshall:35 White, female, 50 years of age. Onset with generalized weakness, 
loss of weight, and swelling of the right foot. Skin lesions appeared followed 
by afternoon elevations of temperature. Roentgenograms showed osteomyelitis 
of the metatarsals, osteoporosis of the cuboid, astragalus, and both malleoli. 
Treated with x-ray therapy over the skin lesions, potassium iodide, and sun baths. 
Gradual recovery occurred although several new nodules appeared after starting 
treatment. It was thought that the daily sun baths were largely responsible for 
recovery, although one of the attending physicians ascribed the improvement to 
x-ray therapy. After a winter in Florida, patient was apparently well one year 
after the onset of the infection. 

Gillies:19 White, male, 15 years of age. Onset with sore throat, hoarseness, 
cough, expectoration, and loss of weight. About the same time the left foot be- 
“ame swollen and three weeks later a draining sinus developed. Roentgenograms 
of the chest showed an infiltration of the left lung and films of the foot revealed 
an osteomyelitis of the tarsus. Six months later the foot was amputated and 
blastomycetes found in the specimen. Meanwhile ulcers had developed on the 
right arm and leg. Potassium iodide was started nine months after onset and 
heliotherapy intensified. The patient was apparently well one year after the 
onset of symptoms and has remained so for six years. 

Bergstrom, Nugent, and Snider:4 Colored, male, 49 years of age. Onset with 
a ‘*boil’’ on his leg. Multiple skin lesions developed and roentgenograms showed 
foci in the bones of one hand, in the left maxilla, and in the bones of both feet. 
Treated with neoarsphenamine, potassium iodide in milk, antimony and potassium 
tartrate intravenously, and with 3 ¢.c. of colloidal copper intramuscularly every 
five days for twenty doses. Five per cent iodine ointment was used on the local 
lesions. No improvement until the administration of the colloidal copper intra- 
muscularly, but thereafter no new lesions appeared and those present began to 
heal. Ten months after discharge all lesions had healed except a sinus over one 
heel. 

Martin and Smith:39 White, female, 27 years of age. Onset with a fall caus- 
ing a back injury and a broken arm, Shortly thereafter developed a cough with 
hemoptysis and had an elevated temperature. Hospitalized with a pulmonary in- 
fection diagnosed as blastomycosis. Improved under administration of blas- 
tomyces vaccine, potassium iodide, and the chest lesion cleared up. About this 
time was found to have blastomycosis of the uterus and tubes and these organs 
were removed.21 Subsequently there developed a destructive process in the 
twelfth thoracic vertebra followed by a paraplegia. This improved following 
laminectomy and further courses of blastomyces vaccine and potassium iodide. 
Her complement fixation test became negative and she has remained clinically 
well for five years. 
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Blastomyces vaccine with apparent benefit and in one case x-ray therapy 
was thought to have been responsible for the improvement. There is a 
recent report of a patient who recovered after treatment with potassium 
iodide, antimony, and potassium tartrate intravenously, and 3 e¢.c. of 
colloidal copper intramuscularly every five days for twenty doses. The 
last drug was believed to have caused the patient’s improvement. The 
local application of a copper sulfate solution would appear to be of 
little value in cases of the generalized disease. Although studies have 
suggested the possible value of intravenous gentian violet in treating 
this infection we have found no reported instance of its clinical trial. 
The prognosis of the majority of patients having blastomycosis with 
bone lesions is poor, especially in those individuals who have a high titer 
of complement fixing antibodies. Undoubtedly there are many patients 
who have recovered from this disease whose case records have not been 
reported in the literature. It is to be hoped that in the future more 
eases of clinical cures will be recorded and that a better knowledge of 
the factors responsible for recovery can be obtained. 


SUMMARY 





1. In a review of the 63 reported cases of bone blastomycosis, there 
were found 6 patients who recovered from the disease. 
~ 2. The locations of the bone lesions are tabulated and a résumé given 
of the cases which recovered. 

3. Our present knowledge of this infection is summarized. 

4. The problem of diagnosis is discussed and the suggestion made that 
patients having bone lesions be partially desensitized to Blastomyces 
vaccine before beginning treatment with either iodides or surgery. 
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SYSTEMIC BLASTOMYCOSIS 
REPORT OF A CASE witH UNusuAL IMMUNOLOGIC FINDINGS, WELL Two 
YEARS AFTER ONSET* 
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DuruHAM, N. C. 


(From the Departments of Medicine, Bacteriology, and Surgery, Duke University 
School of Medicine and Duke Hospital) 


INTRODUCTION 


HE treatment of blastomycosis (American form) varies with the in- 


dividual patient, depending upon the extent of the infection, the 
degree of allergy developed by the patient, and the locality and nature 
of the individual lesions. The following case is reported because the 
patient presented an immunologic picture markedly different from that 
usually seen in blastomycosis, which necessitated a radical departure 


from the treatment usually used in this disease. 


CASE REPORT 


H. M. M. (History No. A5847), a white farmer, 30 years of age, was admitted 
to Duke Hospital on Aug. 8, 1938, complaining of pain in the left elbow and fore- 
arm of six weeks’ duration. 

Family History.—The patient’s father, mother, six brothers, and three sisters 
were well. 

Past History.—The patient’s general health had been good. He had had measles 
and pertussis in childhood and had had three attacks of influenza since 1918. Four 
years prior to the onset of the present illness he had had a chronie cough which 
lasted for several months. There was no hemoptysis, chest pain, or fever during 
this illness. 

Present Illness.—Eleven weeks before admission to the hospital, the patient 
noticed a small area of tenderness over the left eleventh rib which became increas- 
ingly painful. After three weeks a small swelling appeared which was incised 
by his physician with the evacuation of a small amount of sterile pus. The exposed 
rib was curetted and the wound has remained as an indolent cavity. Six weeks 
before hospitalization a swollen, tender spot developed over the left ulna just distal 
to the elbow joint. This swelling increased in size for about ten days and the 
patient noticed that movement of the elbow caused pain. Ten days before he 
entered the hospital this area was incised with evacuation of some necrotic bone. 
The pus from this wound was reported also as showing no growth of pyogenic 
organisms. Both wounds continued to drain and the elbow has remained painful. 

Physical Examination——The patient was a 30-year-old, undernourished white 
farmer, with normal temperature, pulse, and respirations. There were no abnor- 
malities except for the two areas described. Over the left eleventh rib there was 
a cavity, 6 by 3 em. in size, lined by indolent granulation tissue. The rib was 
not exposed at the bottom of the wound. The left elbow was markedly swollen 


*Aided by a grant of the John and Mary R. Markle Foundation. 
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Fig. 1.—1, Roentgenologic appearance of elbow lesion on Aug. 20, 1938, before 
iodide therapy was begun; 2, appearance of bone lesion on Oct. 4, 1938; 38, appearance 
of bone lesion at time of discharge, May 1, 1939; 4, appearance of elbow lesion on re- 
turn visit to the hospital, Aug. 14, 1940. 
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and any motion of the joint caused pain. Over the proximal end of the ulna, there 
was an incision 6 em. in length which was lined with necrotic tissue and drained 
bloody pus. 

Accessory Clinical Findings.—Hgb., 98 per cent; R.B.C., 4,480,000; W.B.C., 
10,300. Differential: P.M.N. 86 per cent; L.L., 3 per cent; 8.L., 8 per cent; E., 
1 per cent, M., 2 per cent. Urine: acid, specific gravity, 1.023; albumin, negative; 
sugar, negative; microscopic examination showed only an occasional W.B.C.; Was- 
sermann, negative; stool, negative. Blood Chemistry: N.P.N., 36; Ca, 8.6; P, 3.2; 
refractive index, 1.350. 


Fig. 2.—1, Biopsy section of skin from another case showing the usual appearance 
of Blastomyces dermatitidis ; 2, Biopsy section of skin from present case to illustrate 
the difference in size of the double-contoured wall. For comparison, each of these 
sections was cut from blocks, mounted, and stained under identical conditions. 


Roentgenograms showed a destructive process in the left eleventh rib, in the 
posterior axillary line, and in the left olecranon (Fig. 1, 1). The findings in both 
sites suggested osteomyelitis. Fluoroscopy and films of the chest showed a slight 
increase in the peribronchial markings bilaterally and a slight thickening of the 


pleura at the left apex. 
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_Bacteriologic Studies.—Staphylococcus aureus was grown from the rib lesion, 
but cultures for bacteria from the elbow region showed no growth. Cultures for 
tubercle bacilli were negative. There was no reaction to the intracutaneous in- 
jection of old tuberculin diluted 1:10,000. 

Mycologic Studies—Budding fungi were found in direct smear and in sections 
of material obtained by biopsy. The appearance of these organisms differed some- 
what from the usual Blastomyces dermatitidis in that the double-contoured periph- 
eral membrane of the fungus cells seemed much wider than usual (Fig. 2, 1 and 2). 
Although there was the definite impression that the organisms were true Blastomyces, 
several observers suggested that the fungus might prove to be a Cryptococcus. 
However, cultures of the fungus from this case on Sabouraud’s medium at room 
temperature and on blood agar at 37° C. showed no essential differences from the 
usual Blastomyces isolated from cases of American blastomycosis.1 There was also no 
detectable difference antigenically between this strain and other strains of Blas- 
tomyces when tested for combining capacity with an anti-Blastomyces rabbit serum. 

Course in the Hospital.—The wounds were curetted the day after admission. 
The cavity in the ulna was found to extend into the elbow joint, but the eleventh 
rib at operation was covered by a compact layer of granulation tissue. 

Skin tests to a heat-killed vaccine and three fractions of Blastomyces derma- 
titidis were done on Aug. 12, 1938, four days after admission. No reaction was 
obtained with any of these substances. In view of the negative skin test to 
Blastomyces dermatitidis and the questionable diagnosis of cryptococcosis, the pa- 
tient was injected intracutaneously with 0.1 ¢.c. of heat-killed vaccines prepared 
from three strains of pathogenic eryptococci. None of these was positive. Since 
the patient exhibited no signs of hypersensitivity to the fungus, potassium iodide 
was given by mouth, starting with three drops t.i.d. and increasing the dose at 
a rate of three drops per day. He was given, also, a high caloric, high vitamin 
diet. The wounds were treated with warm saline fomentations and the lesions 
cauterized on several occasions. Under this therapy the rib area improved, but 
the bone lesion in the elbow grew worse. By Sept. 23, 1938, forty-six days after 
admission, his iodide dosage had reached 114 drops per day, but he had gained 
only 0.35 kg. in spite of his enhanced diet. Except for a temperature of 38.5° C. 
on one occasion, he had only a low-grade fever. His white count varied between 
6,350 and 10,450 (Fig. 3). 

After six weeks’ observation it was obvious that a more radical form of treat- 
ment was necessary to save the patient’s arm. On Sept. 29, 1938, 0.1 ¢.c. of un- 


diluted anti-Blastomyces rabbit serum was injected intracutaneously. Normal rabbit 


serum was used as a control. The anti-Blastomyces rabbit serum caused, within 
fifteen minutes, an edematous area 12 by 19 mm. surrounded by a zone of erythema 
46 by 70 mm. During the same interval of time the control serum produced a 
raised area only 11 by 12 mm. and there was no erythema. This test is similar 
to that described by Foshay? except that 0.1 ¢.c. of undiluted serum was used in- 
stead of 0.04 c.c. of a 1:10 dilution as recommended by him. 

Several subcutaneous injections of small doses of rabbit serum were given, the 
patient receiving 0.25 ¢.c. on Sept. 27, 0.5 ¢.c. on Sept. 28 and 29, and 1 c.c. on 
Sept. 30. The last dose which was injected into the left upper arm midway be- 
tween the elbow and shoulder resulted in an intense local reaction which was great-, 
est around the elbow. There was some erythema and swelling as high as 5 em. above 
the site of injection, but the whole region of the elbow was greatly swollen and 
extended well down into the forearm. Because of the severity of the reaction, the 
dosage was cut to 0.1 ¢.c. on Oct. 2 and 0.05 ¢.c. on Oct. 4. There was no febrile 
reaction following the serum injections, but the white count rose to 12,000. Dur- 
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ing the following two weeks the patient gained 1.65 kg. in weight. An x-ray on 
Oct. 4, 1938 (Fig. 2, 2), showed that bone destruction had increased considerably 
under iodide therapy. 

At this time amputation of the left arm was considered, but the patient demurred 
and he received 1,200 r. units of deep x-ray therapy from Oct. 20 to 25. The elbow 
lesion failed to improve clinically, but there was no evidence of a spread of the 
infection. The low-grade fever slowly subsided as did the white count, which had 
been elevated following the serum injections (Fig. 3). It was felt that the in- 
troduction of maggots might remove some of the necrotic tissue and increase drain- 
age and these were introduced on Nov. 9 and at intervals until Nov. 23. During 
this time considerable healing of the bone was demonstrated by x-ray. There were 
several bouts of fever during this treatment. Three weeks after maggots were first 
introduced, the patient developed multiple furuncles, hemolytic Staphylococcus aureus 
bacteremia, and a severe upper respiratory infection. Potassium iodide was dis- 
continued Dec. 29. He was severely ill for three months, necessitating surgical treat- 
ment for the abscesses, several courses of sulfanilamide and sulfapyridine, staphy- 
lococeus antitoxin, nicotinic acid, thiamin chloride, liver, and transfusions. Repeated 
examinations of the elbow lesion and of numerous abscesses and the sputum failed 
to demonstrate Blastomyces, and it was apparent that the fungus infection had 
been brought under control before the onset of the severe bacteremic infection with 
Staphylococcus aureus. 





\ DAILY TEMPERATURE 
MW | MAXIMUM 
| 
| 





AND 


DISCHARGED ] 
MINIMUM 


| READMITTED | 
, 


| i IN 
| : DEGREES 


nw vv 1) 4 | a fi CENTIGRADE 
aad i : mf ; cry Anh Lat a MA i | 





A was {(22,000 
!WHITE COUNT IN CELLS 
aj PER CU MM 


/ \ 
eo eee " 
} 


/ 


POTASSIUM _ IODIDE 
SATURATED 
SOLUTION 

N DROPS PER DAY 

MAGGOTS SPECIAL THERAPY 

SB @ Smee 
# NEG 4 POS 4 POS SKIN TEST TO VACCINE 


4 POS 4 NEG SKIN TEST TO SERUM 








| 
| 
| 
4 NEG #3+ (UND) 4 4+ -2) COMPLEMENT FIXATION TEST 
| | T 
AUG 8 SEPT. I OcT.| NOV | Ec. 1 JAN | 











Fig. 3.—Chart illustrating the patient’s course in the hospital. 


Following the injections of anti-Blastomyces serum, there was a complete re- 
versal of the immunologic picture. On Oct. 5, 1938, the Foshay test was repeated 
and the results showed no increase in reaction to the anti-Blastomyces serum as 
compared with the normal rabbit serum control. A skin test on Oct. 5 to a filtrate 
of Blastomyces gave a markedly positive reaction within twenty-four hours, but 
the area of erythema had completely disappeared within forty-eight hours. This 
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same type of reaction is obtained in allergic patients when tested with a purified 
carbohydrate fraction of the fungus. The patient’s serum, previously negative 
for complement fixing antibodies, gave a weakly positive reaction on Oct. 6 (3+ in 
undiluted serum) and a stronger reaction on Oct. 21 (4+ in 1-2 dilution of serum). 
The complement fixation test was negative at the time of discharge on April 3, 
1939, but a skin test to the same filtrate again resulted in a positive twenty-four- 
hour reaction. The extent of reaction was less than that previously found. 

The patient was discharged from the hospital on April 4, 1939, with the wound 
on the elbow completely healed. An x-ray of the bone on May 1, 1939, showed 
considerable filling in of the bone cavity (Fig. 1, 3). He was last seen on Aug. 
14, 1940, and had no more symptoms. He had gained approximately 15 kg. in 
weight and had complete range of motion of his elbow. An x-ray at this time 
(Fig. 1, 4) showed healing of the bone except for a fracture line across the olecranon. 
It was felt that this line of decreased density represented healing of the cavity 
with fibrous tissue rather than a true fracture, since the patient had complete func- 
tion of the joint and there were no physical signs or symptoms suggestive of 
fracture. 


DISCUSSION 


It is very difficult to evaluate the effects of specific forms of therapy 
in a disease such as blastomycosis because the limited number of patients 
seen by any individual or clinie makes statistical analysis of no value. 
Furthermore, like tuberculosis, each case presents a different problem 
and must be treated individually. 

In this patient evaluation of treatment is especially difficult, since he 
received iodides, deep x-ray therapy and antiblastomycotie rabbit serum 
in addition to surgical procedures, such as curettement, cauterization, 
and application of maggots into the wound. The results of treatment in 
this patient, as compared with our experiences with other patients with 
this disease, have suggested to us certain possibilities which are out- 
lined below. 

lodides have been shown by us* to be potentially harmful to patients 
who have developed a high degree of allergy to the infecting fungus. 
This patient, with no evidences of hypersensitivity to the fungus, theo- 
retically should have responded well to the drug. However, during the 
six-week period of iodide administration he continued to have low-grade 
fever, failed to gain significantly in weight, and the local lesion in his 
elbow became worse. The appearance of the fungus in smears suggested 
either a different form of the fungus or a peculiar reaction of the host 
cells to the fungus. This has its counterpart in other fungus infections, 
actinomyecosis in particular, in which the eclub-shaped swellings of the 
mycelia in the periphery of the sulfur granules are thought to represent 
the results of an interaction between the host and the parasite, since 
these swellings are rarely observed in culture. It is not certain whether: 
or not Blastomyces dermatitidis, under certain conditions, may form a 


eapsule in animal tissues or whether the capsular appearance represents 


only an exaggeration of the usual thick-walled membrane. However, in 
a case reported by Rewbridge, Dodge, and Ayers,® the authors were so 
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impressed by the morphologic appearance of the fungus in the lesion 
that they considered the organism to be a new species, Endomyces 
capsulatus. Cultural studies of this strain of 2. capsulatus by Benham® 
and in this laboratory' have shown no essential differences from the 
usual strains of Blastomyces dermatitidis isolated from numerous cases 
of American blastomycosis. 

The positive Foshay test further suggests that the fungus was pro- 
ducing some antigenic substance which may have masked or prevented 
the development of a skin reaction to the intracutaneous injection of 
dead organisms or filtrates of the organism. This substance presumably 
inhibited also the demonstration of antibodies in the serum of the pa- 
tient. The severe local reaction around the elbow following the injec- 
tion of 1.0 ¢.c. of anti-Blastomyces rabbit serum emphasized that produc- 
tion of this hypothetical antigenic material was most intense in the area 
of infection. The apparent benefit following the injection of only 2.4 
c.c. of serum, with a complete reversal of the immunologie picture, may 
be interpreted by assuming that this excess material was neutralized by 
the antibodies in the rabbit serum, allowing the host’s cells, aided by 
iodides, to attack the invading fungi. The positive complement fixation 
reactions could not have been explained by the passive transfer of anti- 
bodies because of the small amount of serum injected. The observation 
that the test became more strongly positive three weeks later suggested 
that the patient previously had built up a certain degree of resistance to 
the fungus but that evidences of this resistance were masked by the local 
production of this soluble antigen. This substance may have prevented 
local healing of the lesion and caused the reversal of the usual findings 
of hypersensitivity to the fungus and the presence of serum antibodies. 

The role of hypersensitivity to bacteria or bacterial products in infec- 
tions is debatable. It seems that a certain amount of allergy is desirable 
in localizing an infection but that too great a degree of allergy is harm- 
ful because of the severity of the reaction following a spread of the in- 
fection or the liberation of bacterial products. In none of our previous 
cases was desensitization with Blastomyces vaccine complete and in this 
ease the mild degree of allergy which developed after serum treatment 
did not seem to be sufficient to warrant discontinuation of iodides. 

The role of maggots in the ultimate cure of this patient was felt to be 
due entirely to their action in removing necrotic tissue and maintaining 
of open sinuses for drainage. The possibility that maggots could have 
had any direct fungicidal effect was not investigated. 


A third factor that must be considered is the effect of the severe staph- 


ylococcie infection. It has been shown experimentally by Baker’ that 


mice infected intraperitoneally have less marked lesions if the peri- 
tonitis is complicated by bacterial infection. It is difficult, however, to 
believe that the presence of bacterial infection in this patient played a 
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part in controlling the fungus infection because improvement in the 

latter occurred before the appearance of abscesses and bacteremia. 
SUMMARY 


An unusual case of blastomycosis of bone is presented. 
After failure to obtain improvement with iodides, this treatment was 


supplemented by subcutaneous injections of small amounts of immune 


serum and the introduction of maggots into the loeal lesion. 
The possible effects of these two additional agents in bringing about 


the ultimate cure of the patient are discussed. 
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LOCAL SULFANILAMIDE THERAPY IN 
SURGICAL INFECTIONS 


J. Ross Veau, M.D., anp Roy G. Kuepser, M.D., 
WasHINGTON, D. C. 
(From the Department of Surgery of the Gallinger Municipal Hospital) 


HE introduction of the sulfonamides has changed entirely the mode 

of treatment for many diseases. The adaptation of these new drugs 
to the therapy of surgical infections has been relatively slow due to the 
comparatively poor results obtained by their oral and parenteral ad- 
ministration in walled-off pyogenic lesions. 

Meleney and Harvey,’ in 1939, reported a series of 40 chronic under- 
mining ulcers infected with hemolytic streptococci treated with local 
application of zine peroxide and the oral administration of sulfanil- 
amide. In the cases with an associated acute cellulitis and lymphangitis 
they obtained good results. In the more chronic eases, in which there 
were considerable necrosis, undrained abscesses, and locally decreased 
blood supply, the sulfanilamide was without effect. Bricker and 
Graham,’ also in 1939, found that the oral administration of sulfanil- 
amide retarded the healing processes of clean incised wounds of dogs’ 
stomach. These experiments were later repeated by Taffell and 
Harvey,*® who did not demonstrate any abnormality of healing. Key and 
Burford* > have stated that they found no inhibition of healing in 
experimental fractures in rabbits after the local instillation of sulfanil- 
amide at the site of fracture. Jensen, Johnsrud, and Nelson® reported 
39 eases of compound fractures treated by careful débridement and the 
local implantation of powdered sulfanilamide. These wounds were 
then closed. All healed by primary union. Ninety-four similar cases 
treated in the same manner without sulfanilamide had a total of 29 infec- 
tions. Campbell and Smith,’ reporting 54 cases of compound fractures 
treated with local application of sulfanilamide, did not feel that the 
incidence of infection was materially reduced in the acute cases. How- 
ever, they found that the drug greatly reduced the incidence of post- 
operative infections in cases in which surgery was undertaken in the 
presence of chronic inflammation. Rapid control of secondary infection 
in chancroids by the topical application of sulfanilamide powder was 
first described in 1938 by Fields and Weinstein.* Since the advent of the 
current war several papers have appeared in which the authors claim 
excellent results from the local use of sulfone drugs in contaminated and 
infected war wounds.®"! Levaditi!? has reported rapid and effective 
sterilization of war wounds by the local application of sulfanilamide. 
Oral administration of the drug in such cases was ineffective. 
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Considerable material is now available on the bacteriostatic and 
bactericidal effects of sulfonamides in vitro against the common con- 
taminants of surgical wounds.!*-!7 Lawrence'® ?° has investigated the 
comparative effects of the various sulfonamide drugs upon cultures of the 
colon-typhoid-dysentery group. Most of the investigators agree that 
the maximum bacteriostatic effect is obtained in an aerobic medium.?°-?? 
Lockwood?* ** has recently reported upon the mode of action of these 
drugs as applied to local bacteriostasis in infected lesions. He believes 
that they act locally by interfering with the nutritional requirements 
of certain bacteria, the effect being dependent upon the concentration 
of the drug and the amount of free peptone available from tissue necrosis. 
Whether this theory or the anticatalase theory” 7° is correct, the need of 
débridement of all necrotic tissue and the continued local concentration 
of the drug is paramount. Since 1936 Ravdin?’ has routinely given 
sulfanilamide parenterally and orally in all cases of acute appendicitis 
and appendical abscesses. He and his associates report a pronounced 
lowering of morbidity and mortality rates since initiating this routine. 
Recently the local intraperitoneal application of sulfanilamide powder 
to the region of the appendix has been described by Thompson, Brabson, 
and Walker.** In 204 eases of purulent or ruptured appendices they 
placed 12 Gm. of sterilized sulfanilamide powder into the peritoneal 
cavity and the muscle layers of the abdominal incision. No toxie effects 
or local devitalization of tissues was noticed. 

During the past vear we have treated over 300 infected wounds by 
the local implantation of sulfanilamide powder.?® These cases include 
postoperative wound infections, many types of traumatie wounds, in- 
fected burns, compound fractures, leg ulcers, decubitus ulcers, localized 
abscesses, and carbuncles. The results obtained by this method have 
been so excellent that it has now largely supplanted all other forms of 
local treatment of infected wounds in our hospital. The chief advantages 
are its rapid, effective, and nonirritative action, the simplicity of the 
dressing care needed, and the comfort afforded the patient. It is also 
cheap and readily accessible. We have encountered some disadvantages 
with its use. Most of these disadvantages can be overcome if certain 
rules are followed. In this communication we wish to record the tech- 
nique employed and the results obtained in the local treatment of in- 
fected wounds with sulfanilamide. 

We have endeavored to determine the direct effect of sulfanilamide on 
the various organisms found in these pyogenic wounds. In a large 
series of cases smears and cultures were made before beginning the local 
treatment. At intervals during the period of treatment similar bac. 
teriologic studies were repeated. Biopsies of the edges of the wounds 
were also taken in a group of 70 eases, showing sections of the tissues 
before treatment and during the process of healing. In this manner 
we have obtained a qualitative and, in a sense, a quantitative test of 
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the action of sulfanilamide upon the local tissue. In the great majority 
of our cases the smears and cultures showed a mixed flora of bacteria. 
Chief among these were streptococci, staphylococci, the Bacillus coli 
group, and diphtheroids. An important secondary invader in some cases 
was Bacillus pyocyaneus. After the preliminary bacteriologiec and 
microbiologic studies were completed the wounds were treated by ade- 
quate drainage or débridement and the local implantation of sulfanil- 
amide powder. The dose of sulfanilamide introduced was determined 
by the size of the lesion. A sufficient quantity was used to cover the 
wound surface completely and to fill all pockets. On the following day 
the smears and cultures were repeated. There was an immediate diminu- 
tion in the number of organisms found in the smears and the colonies 
grown on plated cultures. All of the types of organisms found in these 
wounds were affected. In those cases in which a new supply of 
sulfanilamide was not introduced we found that there was usually a 
reactivation of the bacterial growth. If daily applications of sulfanil- 
amide were made, however, the number of bacteria continued to decline 
until there was a practical sterilization of the wound. This usually re- 
quired from five to eight days. Along with the reduction in number of 
bacteria there was a striking diminution in the amount of exudate. The 
necrotic odor of some of the wounds was immediately banished. This 
has been particularly noticeable in the cases of ruptured appendices 
where it had been necessary to drain the abscess. After the bacterial 
growth and exudate had been controlled we discontinued the sulfanil- 
amide. In some of the cases the wounds remained clean and healing 
processes progressed steadily. In others we observed that there was a 
gradual resumption of the bacterial growth and a return of inflamma- 
tion. We then resumed the daily instillation of the sulfanilamide. By 
continuing the application of the drug we maintained control of the in- 
fection, but another complication developed. In some eases the healing 
came to a complete standstill. The granulation tissue appeared dry, 
anemic, and indolent. As long as the concentrated drug was used the 
healing was retarded. Biopsies from the lesions at this stage showed 
very poor vascularization of the granulation tissue. Complete removal 
of the sulfanilamide was sometimes followed by more abundant granula- 
tions and resumption of wound healing. In some eases, however, the 
invading organisms again became active, and we were once more dealing 
with an infected wound. It seemed desirable to keep available in the 
wound some sulfanilamide, yet not enough to hinder healing. We then 
attempted to use a less concentrated form of the drug after the initial 
infection had been controlled. Aqueous solutions and oil suspensions 
proved inadequate,®® and the incorporation of the drug into various 
inert ointments was not satisfactory. We then requested the National 
Drug Co. to prepare for us an ointment combining sulfanilamide and 
allantoin in a greaseless base. According to Robinson* and others*® ** 
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allantoin produces a stimulating effect on indolent granulation tissues by 
increasing their vascularity. After several trials we found that a combi- 
nation of sulfanilamide 10 per cent with allantoin 2 per cent in an absorb- 
able glycerinated base did give remarkably good results. Within a few 
days following the substitution of the ointment in place of the concen- 
trated powdered sulfanilamide the tissues became active and healthy in 
appearance and the infection remained under control. (Figs. 1 A, B, 
and ©.) In a number of cases the same ointment was used without in- 
cluding allantoin ‘in the formula. Although these wounds healed and 
lacked the indolent phase characteristic of full-strength sulfanilamide, 
the growth of granulation tissue was not as rapid or as freely bleeding as 
when allantoin was used. 


¢ Sem xi 


Fig. 1A4.—Biopsy specimen from necrotic infected ulcer. Low power (X260). 
marked inflammatory reaction. Section taken before treatment. 


Krom these studies we have now developed a more or less routine 


method of using sulfanilamide to prevent infections in contaminated 
open injuries and to control bacterial growth in grossly infected wounds. 
The first step is the proper preparation of the wound. In order for the 
drug to be effective it must come into direct contact with the invading , 
organisms. The wounds must be adequately drained, necrotic tissue 
must be removed, and all surfaces of the wound made available for 
topical application of the powder. (Fig. 2 A-C.) When the field is thus 
prepared, a sufficient quantity of the concentrated sulfanilamide powder 
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Fig. 1B.—Biopsy specimen taken from case shown in Fig. 1A after ten days’ treat- 
ment with sulfanilamide locally. Low power (260). There is a diminution in in- 
flammatory reaction, but scant vascularization. 


‘* 


Fig. 1C.—Biopsy specimen of case shown in Figs. 14 and B ten days later after 
substituting sulfanilamide-allantoin ointment. Low power (260). Note control of 
infection and abundant vascularization. 
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is placed upon the wound to cover the surface entirely and a dry dressing 
is applied. (We have not found it necessary to measure the dosage. In 
most cases 5 to 10 Gm. has been applied daily until the infection was 
controlled.) As soon as bacterial growth and exudate has diminished 
and the signs of inflammation have subsided, the powdered sulfanilamide 
is discontinued and is replaced by daily dressings of the sulfanilamide- 
allantoin ointment. The ointment is applied as a thin layer over the 
entire lesion, which is then covered with a dry gauze dressing. This type 
of treatment is continued daily until the wound is healed or until the 
field is covered with a skin graft. 
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Fig. 3.—Chart showing comparison of blood sulfanilamide levels when 7.5 Gm. of 
sulfanilamide powder is sealed in a clean wound and the same dose given sub- 
cutaneously in 1,000 ¢c.c. of normal saline solution, Note the delayed absorption of 
the drug from the sealed wound. 


The method of treating infected wounds as outlined above has now 
largely replaced all other methods in our wards and in our out-patient 
elinies. The simplicity of the method is of great practical value. The 
disadvantages of wet dressings and irrigation techniques are overcome. 
Special mention should be made of its merits in preparing wide areas 
for skin grafts. Our percentage of graft ‘‘takes’’ has been greatly in- 
creased and the period of preparation has been materially reduced. 

We have not attempted to measure the total dosage of sulfanilamide 
used in any particular wound. In many cases 5 to 10 Gm. of the powder 
was used daily for many days without any systemic symptoms. The 
blood concentration of the drug has been far less than that generally ac- 
cepted as a ‘‘therapeutic level’’ for oral or parenteral administration in 
systemic diseases. In studying the rate of absorption from various types 
and sizes of wounds, we have found wide variations in the blood levels. 
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A’'single dose of 7.5 Gm. closed in a clean operative wound usually shows 
a rapid rise, approaching the level obtained by giving the same dose by 
mouth. There is then a gradual decline in the rate of absorption, but 
traces of the drug may be found in the blood for several days. (Fig. 3.) 
The same dose instilled in an open wound shows a much lower blood 
concentration (Fig. 4). In none of our cases has there been any evidence 
of a systemic toxie reaction. The peculiar cyanosis so frequently seen 
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Fig. 4.—Chart showing comparison of blood sulfanilamide levels from 7.5 Gm. of sul- 
fanilamide powder when sealed in clean wound and when implanted in open wound. 
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Fig. 5.—Chart showing accumulative rises of sulfanilamide blood concentration when 
5 Gm. of the drug is applied daily in open infected wound. 


when the drug is given by mouth or parenterally has not been observed 
in the locally treated cases. We have, however, observed a cumulative 
rise of the blood sulfanilamide level in certain cases in which large daily 
doses were used over a long period of time (Fig. 5). <A recent article 
by Hooker and Lam**‘ indicates that there may be a very rapid absorption 
from the extensive surfaces of acute burns. This possibility should be 
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borne in mind when using the concentrated powder over a prolonged 
course of treatment. 


SUMMARY 


Sulfanilamide powder rapidly controls bacterial growth in infected 
surgical wounds when it is placed directly into the lesion. The wound 
must be prepared by adequate drainage or débridement for the reception 
of the drug. The local action of sulfanilamide on the bacteria depends 
upon its molecular concentration in the wound. Therefore, it must be 
applied in sufficient quantity and must come into direct contact with 
the invading organisms. The growth of all the pyogenic organisms com- 
monly found in infected wounds is apparently inhibited by sulfanil- 
amide. Chief among these are streptococci, staphylococci, and the 
colon group. The common secondary invader, B. pyocyaneus, is 
promptly destroyed by local application of the drug. Prolonged use of 
concentrated sulfanilamide may retard healing. This probably results 
from inhibition of cellular growth and the retardation of vascularization 
of the granulation tissue. The substitution of sulfanilamide-allantoin 
ointment for the pure powder allows a prompt resumption of the normal 
healing process and at the same time maintains a clean wound. 
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CHANGES PRODUCED BY SYMPATHECTOMY IN THE 
ELECTRICAL RESISTANCE OF THE SKIN 


Curt P. Ricuter, Px.D., AND Berrye G. Wooprurr, BALTIMORE, Mp. 
(From the Psychobiological Laboratory, Phipps Psychiatric Clinic, 
Johns Hopkins Hospital) 


URGICAL treatment of circulatory disturbances of the skin has been 

handicapped (a) by a lack of knowledge regarding the distribution 

of the sympathetic nerves to the skin and (b) by the lack of an ade- 

quate method of demonstrating the skin areas affected by sympathec- 

tomy. These shortcomings have been overcome, at least in large part, by 
the use of the so-called electrical skin resistance method. 

This method depends on the changes produced by sympathectomy on 
the resistance offered by the skin to the passage of a small direct elec- 
trical current. Since various factors influence skin resistance, a brief 
review will be given at this point of some of the essential underlying 
neurologic and physiologic principles, as well as of the origin of our 
interest in problems concerned with the electrical resistance of the skin. 

Incidental to early studies on the galvanic skin reflex in psychiatric 
patients, it was found that some patients had a very high skin resistance 
which reached levels of 1,000,000 to 3,000,000 ohms, while others had a 
resistance of only a few thousand ohms. A separate investigation was 
then undertaken to determine whether these resistance levels could be 
correlated with the different types of psychoses and at the same time to 
learn more about the physiologic and neurologic factors underlying the 
resistance offered by the body to the passage of a small direct current. 

For these experiments the following technique was used: Four solid 
disks of zine were used as electrodes. These were placed against the 
palmar and dorsal surfaces of the two hands, using a paste made of 
kaolin and saturated zine sulfate solution to provide a contact between 
the electrodes and the skin. Any pair of these electrodes could be con- 
nected to a galvanometer which measured the resistance offered to the 
passage of an imperceptible current.” ? 

From these studies the following information was obtained: (a) The 
resistance offered by the body to the passage of a small direct current is 
localized almost entirely in the skin. Punctures made through the skin 
underneath the electrodes reduced the resistance instantaneously from 
any level, however high, to only a few hundred ohms. Similarly, abra- 
sions of the skin greatly reduce the resistance. (b) The resistance of the 
skin varies to a certain extent with its anatomical structure, chiefly with 
its supply of sweat glands. Thus, the porous areas of the palmar sur- 
faces of the hands usually have a lower resistance than the skin on the 
relatively nonporous areas of the dorsal surfaces. Thus, for nine normal 
individuals the palmar resistance averaged 77,100 ohms; the dorsal 
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resistance, 290,310 ohms.’ (¢) The resistance on both surfaces de- 
pends largely on the sweat gland activity, being high when the sweat 
glands are inactive (that is, when the skin is dry) and low when the 
sweat glands are active (that is, when the skin is moist). (d) The re- 
sistance readings on the porous and nonporous areas may vary inde- 
pendently of one another. (e) Skin resistance varies with normal and 
pathologic sleep and sleep induced by hypnoties, in general, being high 
during sleep and-low during the’waking state.” 4-6 

It also was found that skin resistance is controlled to a large extent 
through the autonomic nervous system. In our first experiments, ap- 
plying to monkeys essentially the same technique used on human beings, 
it was found that section of the entire nervous supply to the extremities 
(in the upper extremities the brachial plexus, in the lower extremities 
the sciatic and femoral nerves) greatly increased the resistance, es- 
pecially on the palmar surfaces of the hands and feet. In some animals 
the palmar resistance increased from 20,000 or 30,000 ohms to 5,000,000 
or 10,000,000 ohms, at which levels it remained permanently. The see- 
tion of these trunks included sympathetic and somatie nerves. Further 
experiments were undertaken to sever these two types of nerves sepa- 
rately. Section inside of the cord of all of the anterior and posterior 
roots to the foreleg, which removed all of the somatie supply but did 
not interfere with the sympathetic nerve supply, had no effeet on the 
skin resistance. Removal of the svmpathetie chain, however, produced 
as great an initial increase in skin resistance as section of the entire 
nerve. After several months the resistance decreased to a permanent 
level of 1,000,000 to 2,000,000 ohms, which was still far above the pre- 
operative level. It was thus proved that skin resistance depends pri- 
marily on the sympathetic nervous system.” * 

This same technique has been used to study injury and repair within 
the sympathetic nervous system.*"'° In experiments on cats it was found 
that a preganglionic section of the white rami to the stellate and first 
thoracic ganglion produced a large but temporary increase in skin re- 
sistance on the central pads of the forefeet. The resistance, which re- 
turned to its preoperative level in twenty to sixty days, closely paralleled 
the return of normal sweat gland activity. Thus, skin resistance gave 
a good measurement of the regeneration of the preganglionic fibers. 
Postganglionie sympathectomy through section of the gray rami from 
the stellate ganglion and the first thoracic ganglion produced an even 
ereater increase in skin resistance on the larger central pads, but the 
resistance did not return to its preganglionie level. Even after ten 
months the resistance in some of the cats averaged over 3,000,000 ohms: 
The considerably higher levels of skin resistance produced by post- 


ganglionic as compared to preganglionic sympathectomy demonstrated 


that the ganglia have at least a certain degree of independent control 
over the peripheral mechanisms. This independence of function of the 
sympathetic ganglia may be the basis of the difference in the responses 
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of the vascular system to adrenalin after preganglionectomy and _post- 
ganglionectomy reported by White and co-workers,’'"* Grant,'* and 
Ascroft.?® 

The dependence of skin resistance on the sympathetic nervous system 
was further brought out by experiments made on cats and monkeys in 
which the spinal cord was sectioned at various levels, above and below 
the thoracolumbar outflow of the sympathetic nerves. Complete 
transections made at C, and C, (that is, above the thoracic outflow) 
produced a large increase in the palmar resistance on both the fore- and 
hindfeet ; complete transection at T, (that is, below the thoracic outflow 
to the foreleg) had no effect on the forefeet but produced a large in- 
crease in the resistance of the hindfeet; complete transection at L, 
(that is, below the outflow to both fore- and hindfeet) which completely 
paralyzes the hindlegs, had no effect on the skin resistance of either the 
fore- or hindfeet.1® Further, the resistance closely followed the con- 
dition of the spinal cord. During the period of shock, when the legs 
were completely paralyzed, the resistance remained high; gradually. 
as the spinal reflexes began to appear, the resistance decreased. How- 
ever, the return of the spinal reflexes preceded by many days the re- 
turn of the normal function of the sweat glands, as shown by the return 
of the skin resistance to its preoperative level. 

This method was applied in 1927 to the study of a patient in whom 
a tumor had completely blocked off tne sympathetic chain on the right 
side of the neck and all of the sympathetie connections to the right arm 
and hand. In this patient the resistance of the palmar and dorsal 
surfaces was considerably higher on the side of the lesion. In the 
sweat bath the right hand remained dry.'’ In 1937 observations were 
made on the palmar and dorsal resistance changes of the hands of eight 
patients with cervical sympathectomies and of two patients with lumbar 
sympathectomies. They all showed respectively a greatly increased 
resistance on the palmar and dorsal surfaces of the hands and on the 
plantar and dorsal surfaces of the feet."*  Smithwick'® has recently 
reported that sympathectomy increases skin resistance. 


METHODS 


The method which has now been devised makes it possible to determine 
changes produced by sympathectomy on the electrical resistance of the 
skin not only on the palmar and dorsal surfaces of the hands but also 
on all other parts of the body (see Fig. 1). A zine sheet disk, 42 inch 
in diameter, was attached to the lobe of one ear with an earring elip 
directly over a skin puncture made with a hypodermic needle. <A paste 
made of kaolin and saturated zine sulfate solution made contact between 
the electrode and the skin. The puncture through the skin reduced the 
resistance under this electrode to a negligibly low level. The other 
electrode consisted of a zine sheet, about 14 inch in diameter, attached 
at right angles to an insulated handle, about 3 inches long. By the 
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handle this electrode could be held against the skin and could be moved 
freely from place to place. The use of this electrode represents one of 
the most important steps in this technique. In our former studies elec- 
trodes were fixed firmly to only four surfaces, the palms and backs of 
the two hands, and further contact between the electrodes and the skin 
was made with the kaolin paste. We had always thought that the paste 
was necessary in order to eliminate polarization. With this electrode 
no paste is used; the polished surface of the zine is applied directly 
to the skin. Thus, it became possible to explore the skin without cover- 
ing the body with kaolin paste. Furthermore, this electrode eliminates 
a drop in skin resistance produced in some instances by stimulation from 
the kaolin paste. 


The electrodes were connected to a dermometer or an ammeter. The 
dermometer, described in detail by Levine,2° had been used for most 
of our previous studies on skin resistance. It has two dials, one to show 
the amperage of the current flowing through the circuit, the other the re- 
sistance offered to the current. 

A simple and less expensive instrument for this purpose was built 
for us by Mr. Frederick Whelan, of the Department of Electrical En- 
gineering of the Johns Hopkins University. It contained an ammeter, 
a nine-volt battery, and a rheostat to adjust the voltage. Fig. 1 shows 
this instrument. 

For the examination we used the following procedure. The patient 
was heated in a hot-air cabinet for a few minutes. After this the mov- 
able hand electrode was held gently against the skin on any part of the 
body and the voltage adjusted so that a small current flowed through the 
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circuit. Then the electrode was moved quickly from place to place over 
the surface of the body in jumps of approximately 6 inches. When a 
sudden change in the flow of the current was found, that is, either an 
increased or a decreased flow, the region was further explored until the 
line of demarcation between the areas of high and low resistance was 
located. This point was marked with a soft skin pencil (black for white 
patients and white for colored patients). Often the change from high to 
low resistance occurred within a few millimeters. When a second point 
of demarcation was determined, a line was drawn through the two 
points. The process was repeated at a distance of several inches at 
either end of the line until finally the entire areas of high and low re- 
sistance were defined. 

An attempt was made to keep the current below the range in which 
it could be felt by the patients. The sudden fall in resistance from mil- 
lions of ohms to only a few thousand ohms made it difficult always to 
make certain that the current remained imperceptible. The first tingling 
sensation reported by the patient usually came simultaneously with the 
drop in resistance. 

The present report contains records made on 20 patients operated 
upon at Johns Hopkins Hospital and at the Baltimore City Hospital at 
Bayview and at two other hospitals in other cities. Five of the patients 
had upper thoracic and 15 had lumbar sympathectomies. Six patients 
had Raynaud’s disease, 3 Buerger’s disease, 3 arteriosclerosis, 3 hyper- 
tension, 2 chronic leg ulcer, 1 acrocyanosis, and 1 postphlebitiec edema. 
The upper thoracic sympathectomy closely conformed to the operation 
used by Smithwick.?* The white and gray rami from the second and 
third ganglia were sectioned, about 1 inch of the anterior and posterior 
roots of the second and third intercostal nerves removed, and the chain 
below the third ganglion sectioned. The third ganglion was brought out 
through the incision and sutured to a muscle in order to prevent re- 
generation. Since the ganglia which carry the sympathetic nerves to 
the arms remained in connection with the extremities, this represents 
a preganglionic type of sympathectomy. The lumbar sympathectomies 
also were usually of the preganglionic type, including the removal of the 
ganglia either at L, and L,, or at L,, L., and L,, or at L, and L,. How- 
ever, in some patients the operation was at least partially o: the post- 
ganglionic type, including the removal of the ganglia at L, or at L, 
and L,. In one patient operated upon in another hospital the removal 
must have included only the ganglia at L, and L,. 

Records were taken at ordinary room temperature immediately after 
the patients had been heated for a few minutes in a hot-air cabinet. 

The relation of the areas of high resistance to areas which do not sweat 
was determined by means of the Minor starch sweating test.?? The 
skin was painted with a mixture of castor oil and iodine. After this 
mixture had been allowed to dry, an even layer of rice starch powder 
was dusted over the skin. Then the patient was heated in a hot-air 
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cabinet until active sweating started. The moisture from the sweat 
dissolves the starch and turns the mixture black. Areas which do not 
sweat remain white. The sweating test was made immediately after the 
completion of the skin resistance test and while the lines of demarcation 


were still on the skin. The two areas were superimposed upon one 


another, and thus we could compare them accurately. 


RESULTS 

The photographs in Fig. 2 show the patterns obtained from three 
patients with dorsal sympathectomies. The first patient, a man 38 
years of age (Fig. 24), had had a left dorsal sympathectomy for Ray- 
naud’s disease four months previously. The photograph at the top 
shows the area of high resistance, which ineluded the left half of the 
face and neck and the chest just above the nipple, part of the axilla and 
the under surface of the arm, and a small area on the back about five 
inches below the level of the shoulders. The photograph at the bottom 
shows the results of the Minor sweating test. The black areas show 
active sweating: the white areas, no sweat. The high skin resistance 
areas and the areas which did not sweat show an almost exact cor- 
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respondence, except for an area on the right side of the mouth which did 
not sweat. This area often does not sweat in normal individuals. 

Fig. 2B gives the photographs of a young woman with a bilateral dor- 
sal sympathectomy. The area of high resistance included her head, neck, 
and chest below the breasts, the axillae, and a line across her back at 
the same level. The Minor test again showed a close correspondence be- 
tween areas of sweat gland activity and high skin resistance, except for 








the skin on the breasts which showed many punctate areas of sweat up 
to a line at the anterior level of the breasts. At this line the skin re- 
sistance dropped to a lower level than in the main large areas, but not 
down to the level of the resistance of the skin on the rest of the body. 
Such areas of partial decrease in skin resistance, which must indicate 
that some sympathetic innervation still remained and which we have 
found in other patients, we call ‘‘zone’’ areas. These areas must result 
from overlapping of the distribution of the adjacent dermatomes. 

Fig. 2C gives the photographs of a man on whom a bilateral dorsal 
sympathectomy had been performed eight months before for Raynaud’s 
disease. The area of high resistance was similar to those found in the 


other two patients, except for a small ‘‘zone’’ area on the face. In the 
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Minor sweating test this area contained several patches of black spots. 
It is possible that this area received some fibers from the first thoracic 


nerve. 
These patterns of skin resistance and sweating closely agree with those 
which have been described by List and Peet?* and others who used 
only the Minor test. 
Lumbar sympathectomy produced high skin resistance areas with pat- 
terns which hitherto had not been deseribed. Fig. 3 shows three views 
of the same patient with the skin resistance pattern and with the skin 











resistance and sweating test patterns superimposed. The surgeon’s 
notes stated that either L,, L,, and L, or L,, L,, and L, had been re- 
moved. The areas which again showed a close correspondence between 
skin resistance and sweating included the skin over the buttocks, down 
the posterior surface of the legs in a fairly narrow strip to the ankles, 
and over the backs and soles of the feet. In the 4 other patients who 
showed this pattern the surgeons stated that they had removed three 
ganglia below either L, or L;. A slightly different pattern is shown in 
Fig. 44. The area of high resistance included the anterior as well as 
the posterior surfaces of the calves of the legs up to a line which fell 





RICHTER-WOODRUFF: ELECTRICAL RESISTANCE OF SKIN 965 


just below the kneecap. In the 5 other patients who showed this pat- 
tern the surgeons reported that 2 or 3 ganglia below L, or L, had been 
removed. Still another pattern is shown in Fig. 4B. In this case the 
area of high resistance included all of the posterior surface of the thigh 
and part of the anterior surface on the inside and above the knee. Two 
patients showed this pattern; in both the operation included the ganglia 
at L,, L,, and Ly. The last pattern is shown in Fig. 4C. In this pa- 
tient the area of high resistance included the entire surface of the leg 
in the front up to the groin and in the back up to the buttock. In this 
patient three ganglia below T,, had been removed. This is the only 
patient that showed this pattern. 








At the beginning of this study, when we had taken records on only a 
few patients, these different patterns did not seem to follow any special 
plan. We were most perplexed by the narrow area of high resistance 
which ran from the ankles up to the buttocks. The dermatome chart of 
the distribution of sensory nerves worked out by Head did not show any 
such well-defined areas, and Peet in his studies on sympathectomized 
patients with the Minor test had not found any pattern below the curved 
line across the upper border of the buttocks. Later, however, after we 
had taken records on more patients and had found with great con- 
sistency the same patterns, also after we had found that patients with 
lesions of sensory nerves below L, showed anesthesia over a strip along 
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the posterior surface of the leg, we concluded that these areas of high re- 
sistance closely follow the distribution of the sensory nerves and that the 
pattern varied with the level of the ganglionectomy. Figs. 5A and 5B 
show the areas of anesthesia mapped out by Foerster?* on a patient with 
a traumatic transection of the cauda equina immediately below the 
outflow of the third lumbar nerve. It will be noted that these areas are 
almost identical with those shown in Fig. 3. Fig. 5C also taken from 
Foerster shows an even narrower strip area along the posterior surface 
of the leg in a patient with a resection of S,, S,, and S,.. This area is 
almost identical with that on the left leg in Fig. 7B. 


LESION LESION LESION LESION LESION 
BELOW La BELOW Ls BELOW L> BELOW L, BELOW Ty 


Fig. 6. 


Fig. 6 gives a schematic representation of the different patterns ar- 
ranged according to the level of the ganglionectomy beginning with a 
section below L, and ending with a section below T,,. The overlapping 
areas of the distribution of the sensory areas were taken from the dis- 
tribution charts of Head®® and of Foerster.2* The latter was published 
by Fulton.*® In these figures the arrows point not to the center of the 
sensory areas but to the lowest part of the area which overlaps with the 
adjacent dermatomes. When L, was the last intact ganglion, the area. 
of high resistance included L,, S,, S., and S,. Each successively higher 
ganglionectomy included more of the surface of the leg until finally it 
included the entire surface. Of the 15 patients, 1 showed the first pat- 
tern, 5 the second, 6 the third, 2 the fourth, and 1 the fifth; one with an 
unsuccessful operation showed no increased resistance at all. In nearly 
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every instance the location of the lesion worked out from the sensory 
distribution chart of the different patterns coincides with the level at 
which the operator stated that the lesion had been made, with the excep- 
tion that in two patients in whom the surgeons stated that the first lum- 
bar ganglion had been removed the area of high resistance did not in- 
clude all of the anterior surface of the thigh. The discrepancies which 
existed may have been due to the variations in the location and fusion of 
the ganglia, as well as to the difficulties of identifying the different 
ganglia during the operation. 

On the basis of this knowledge of the close correspondence between 
the sympathectomy and sensory dermatomes found for the various lum- 
bar sympathectomies, it is possible now to state that the same principle 
applies also to the dorsal sympathectomies. According to the dermatome 
chart of Foerster, the overlap of the fourth dorsal dermatome should 
extend approximately 114 to 2 inches above the level of the nipples. In 
the three patients described above in whom the lesion was made below 
the third lumbar ganglion, the lower border of the affected area was ap- 
proximately 2 inches above the level of the nipples. 








Thus far we have used this method chiefly to determine within a few 
days postoperatively the results produced by sympathectomy performed 
at the Johns Hopkins Hospital and at the Baltimore City Hospital. We 
have also used the test to determine whether or not regeneration had 
taken place in patients operated upon two to three years previously and 
on patients operated upon in other hospitals in whom the success of 
the operation was doubtful. Fig. 7A shows the mapping of the high re- 
sistance areas in a patient who had had a bilateral lumbar sympathec- 
tomy two years before. On one side she showed the typical areas. On 
the other the skin showed the same level of resistance over its entire 
surface. The results of the Minor test confirmed this finding. This 
would indicate either that originally the chain on the left side had not 
been removed or that regeneration had taken place. Since the operation 
was successful on one side, it would seem likely that the removal had 
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been incomplete on the other side, thus allowing regeneration. Clin- 
ically symptoms of hypertension were again present in this patient. 

We used the test for the examination of a patient brought to Johns 
Hopkins Hospital from another hospital. The patient suffered from 
Raynaud’s disease. He stated that four months before he had had 
an abdominal nerve operation in another hospital for this condition. 
Clinically it was difficult to determine whether he had actually been 
sympathectomized. Our test showed no areas of high resistance on 
either leg. The Minor test showed an even distribution of sweating on 
both legs. It was concluded that the sympathetic chain must still be in- 
tact on both sides. 

The same method was used in another patient who likewise had been 
sent here from another hospital. He showed severe Raynaud-like symp- 
toms, which were, however, not entirely typical, in his feet, hands, nose, 
and ears. The report from the other hospital stated that a bilateral 
lumbar sympathectomy had been performed more than six months be- 
fore. Clinically it was not clear that the sympathectomy had been per- 
formed. Some of the clinicians who saw the patient stated that he 
sweated; others, that he did not. A dorsal sympathectomy for his nose 
and ears was considered. However, the clinicians did not want to 
recommend this operation if a lumbar sympathectomy had been per- 
formed without any visible improvement. Skin resistance tests showed 
that lumbar sympathectomy had been performed on both legs, prob- 


ably below L, on one leg and below L, on the other leg. The photo- 


Y 


graphs in Figs. 7B and 7C show the areas. The Minor test completely 
confirmed our findings. 

We have also had occasion to use this method for the examination of 
areas affected by ganglionic aleohol block. Here also, it gives a very 
sharp demarcation of the affected areas. Similarly, in three cases of 
spinal cord lesion we have also obtained sharply defined areas which 


corresponded to the location of the lesion in the cord. 


DISCUSSION 


Up to the present the Minor starch sweating test was the only avail- 
able method for the determination of areas of skin on the head and on 
the body which had been affected by sympathectomy. This method has 
several shortcomings. It requires a considerable amount of time and 
skill to paint evenly the entire body, or only half the body, with the 
‘astor oil and iodine mixture and to cover it with the starch powder. 
Furthermore, after the test a shower and scrubbing are required to re- 
move the mixture. On colored patients the results often cannot be in- 
terpreted; further, since many individuals do not sweat even when 
placed in the hot-air bath, its use is limited. The lines of demarcation 
between areas that sweat and those that do not are not always sharply 
defined. The failure of Peet to discover the pattern on the legs which 
we have found with the skin resistance method shows the shortcomings 
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of the starch method. However, once the presence of these areas was 
definitely known, special care in giving the Minor test also brought out 
the same pattern of sweating. 

In contrast, the skin resistance method requires very little time. The 
mapping for cervical and lumbar sympathectomies requires only five 
to ten minutes. The lines of demarcation are sharp and remain quite 
constant from day to day. Only a small amount of external heat is 
necessary to bring out the difference in resistance in the different areas. 
The test can be made equally well on colored and white individuals and 
on individuals who do not sweat enough for application of the Minor 
test. 

The results seem to establish a close correspondence between sensory 
and sympathetic dermatomes. The exact determination of the sympa- 
thetic dermatomes will have to wait for experimentation on monkeys or 
apes in which skin resistance mappings are made after removal of two 
or three ganglia. It is very likely that by means of the skin resistance 
method it will be possible to map out areas affected by removal of only 
one ganglion. The affected area would be expected to show itself as a 
‘‘zone’’ area despite the overlapping of the two adjacent dermatomes. 

These skin resistance tests show that the dorsal sympathectomy as 
performed by Telford,?’ Livingston,?* and Smithwick?® affects the head, 
neck, and all of the arm, except small areas under the armpit. It is 
fully adequate for sympathetic denervation of the upper extremities. 
The tests show that the removal of the second and third lumbar ganglia 
denervates all of the leg below the knee and all except the anterior 
surface of the thigh above the knee. This is in agreement with the con- 
clusions arrived at by Smithwick*' on the basis of clinical studies. Re- 
moval of the first lumbar ganglion, which denervates the entire leg, 
would probably be better, except for the fact that in men it interferes 
with ejaculation. 

Since such a close correspondence exists between the areas of high 
resistance and the distribution of the sensory nerves, this test may be 
used in the mapping of areas of sensory loss; and it would have the ad- 
ditional advantage that it does not depend on cooperation on the part 
of the patient. 

SUMMARY 


1. A method was described by means of which areas affected by 
sympathectomy can be mapped on all parts of the body. These areas 
offer a high resistance to the passage of a very small direct current. The 
unaffected areas have the normally low resistance. The line of demar- 
eation between the two areas usually is so sharp that the resistance may 
drop from many thousand ohms to only a few hundred ohms in less 


than 14 inch. 
2. The areas of high resistance do not sweat. This was demonstrated 


by the Minor starch sweating test. The areas of high resistance and of 
nonsweat gland activity showed an almost perfect correspondence. 





970 , SURGERY 


3. Twenty patients were studied with this method, 3 with dorsal 
sympathectomy and 17 with lumbar sympathectomy. 

4. The areas of high resistance produced by sympathectomy closely 
followed the sensory dermatomes. The lumbar sympathectomy brought 
out this relationship most clearly. Five different patterns produced by 
lesions below T,.,, L,, L., L,, and Ly were demonstrated. 

®. The method was applied in determining the success of sympathec- 
tomy, the areas of skin affected by the operation, and the presence of 
regeneration. 

6. Similarly, skin resistance tests were used in localizing spinal cord 
lesions. 

7. Compared to the Minor starch sweating test, the determination of 
skin resistance is simple and involves less time and discomfort for the 


patient; it can be used on colored as well as on white patients and on 


individuals who do not sweat sufficiently to color the starch paste; and 

it gives very sharp boundary lines between affected and unaffected areas. 
8. Since this technique requires little or no cooperation from the pa- 

tient, it should be useful for the mapping of sensory dermatomes. 


Shumacker, Jr., and Dr. I. R. Trimble of the Depart- 
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NEPHROLITHIASIS DUE TO INFECTION WITH THE 
BACILLUS PROTEUS* 


C. D. Crervy, M.D., MINNEAPOLIS, MINN. 
(From the Urological Division of the Department of Surgery, the Medical School of 
the University of Minnesota) 
BACILLUS PROTEUS 
HE Bacillus proteus was first systematically investigated by Hauser 
in 1885. It is widely distributed in nature, having been found in 
soil, decomposing animal matter, and in human and animal feces. It 
is a pleomorphic, motile, gram-negative rod one to thirty microns in 


ee 


length, and rapidly forms a spreading ‘‘ground-glass’’ layer on solid 
media, in which it liquefies gelatin and produces indol, phenol, nitrites, 
hydrogen sulfide, and ammonia (Meyerhof). It is finally identified by 
its fermentation of certain sugars to acid and gas (Topley and Wilson). 
Inoculated into animals, it may die, produce abscesses, or cause sep- 


ticemia. It is only weakly antigenic. In man it has caused infections 


in the middle ear, mastoid, meninges, intracranial sinuses, eye, nose, 
throat, gall bladder, peritoneum, female internal genitals, bones, testes, 
and urinary tract. 


INFECTION OF URINARY TRACT 


According to Cabot and Smith the B. proteus probably reaches the 
urinary tract only through instrumentation, although Chute has had 2 
cases in which there was no such history. 

Schulte did not find it in an investigation of the bacterial flora of the 
urinary tract, Streng having found it in such circumstances in but 3 of 
33 eases. Important factors in localization are stasis, recumbency, and 
wasting diseases. 

It is a common resident of the human bowel, Dr. M. Levine, bacteriolo- 
gist at the University of Minnesota Hospitals, having found it on a single 
culture of the stool in 22 of 53 consecutive patients taken at random 
from the wards as well as in 4 of 6 bed sheets used by patients without 
clinical evidence of infection with B. proteus. Thus, it is clear that the 
organism may be present about the external urinary meatus and may be 
introduced by an urethral instrument, or may grow along the outer sur- 
face of an inlying catheter. Such a catheter, whether in the urethra, a 
suprapubie fistula, or in the kidney, may be contaminated either directly 
or from linen not grossly soiled. 

The route by which the organism, having been introduced into the 
bladder, invades the kidneys, is not definitely known, but Scott found 
B. proteus in the blood in 5 of 82 patients with urethral chill, suggesting 
arrival by way of the blood stream. Theoretically, of course, it may 

*Read before the New York Academy of Medicine on Dec. 18, 1940. 
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ascend the periureteral lymphatics or the lumen of the previously dis- 
eased ureter or follow the lymphaties from the ascending colon to the 
right kidney. The latter route may account for infections in the absence 
of instrumentation. 

According to the literature, B. proteus is not a very common invader 
of the urinary tract, having occurred in 135 (5.4 per cent) of 2,502 
cases of urinary infection in five reported series (Cabot, Streng, Kretsch- 
mer and Mason, Scott, and Seott and Sandholzer). 


MECHANISM OF FORMATION OF STONE 


The relative infrequency of infection with B. proteus is in striking 
contrast to its potential seriousness to the afflicted individual. Its pe- 
culiar menace is due to its ability to break down the urea of the urine 
into carbon dioxide and ammonia, the latter of which makes the urine 
strongly alkaline. The urea is apparently attacked by an enzyme con- 
tained in the bacterial cell, since killed and desiceated cultures can split 
urea, although it is impossible to extract an urease from the living or- 
ganism (Day and co-workers). 

The clinical importance of this alkalinization of the urine was recog- 
nized as early as 1901 by Brown, of Baltimore, who reported 5 cases of 
stone due to infection with urea splitters, for 3 of which B. proteus was 
responsible. Stone formation in such eases is due to the precipitation of 
the phosphates and carbonates of calcium, magnesium, and ammonia in 
the alkaline urine. The precipitate may gather about a bit of necrotic 
tissue (Keyser), fibrin (Lazarus), or a clump of bacteria (Rovsing) ; 
or it may become adherent to an ulcer and later drop off (Hager and 
Magath). 

B. proteus is not the only organism which ean split urea. Hellstrém 
has written extensively about this phase of staphylococcie infection of 
the kidney; according to Chute, certain strains of streptococci, B. pyo- 
cyaneus, Haemophilus influenzae, diphtheroids, micrococci, and many 
strains of EF. coli also have this faeulty. Higgins has stated that 9 per 
eent of bacilli found in conjunction with nephrolithiasis can decompose 
urea. 

Other known factors in the development of nephrolithiasis in general 
are summarized in Table I. In all probability the urea splitters can 
form stones in the absence of all of the systemie and perhaps in the ab- 
sence of the loeal factors, although the presence of any or all of the latter 
increases enormously the danger of stone formation once such organisms 
gain aecess to the urinary tract. 


INCIDENCE OF INFECTION BY B. PROTEUS IN NEPHROLITHIASIS 


B. proteus is found in but a small proportion of renal and ureteral 
lithiasis. Of 2,537 examples of stone collected from ten reports in the 
literature (Rovsing, Priestley and Osterberg, Eisenstadt, Lett, Chute, 
Dege, Smith, Korhonen, Harrington, Chute and Suby), data as to infee- 
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TABLE I 


KNOWN FACTORS IN THE PRODUCTION OF NEPHROLITHIASIS 





I. Systemic 


A. Deficiency of vitamin A 
B. Persistent ingestion of alkali 
C. Overconcentration of the urine 
D. Increased excretion of calcium 
1. Hyperparathyroidism 
2. Diseases of bone 
a. Osteomyelitis 
b. Atrophy (immobilization) 
3. Ingestion of acids (?) 
E. Increased excretion of uric acid (gout) 
F, Cystinuria and xanthinuria 


. Local 
A. Stasis of urine 


1. Obstructive lesions 


2. Recumbency (stagnation in dependent calices) 


B. Submucosal necrosis of renal papilla 

C. Trauma 

D. Foreign body 

EK. Infection with organisms splitting urea 
tion were complete in 2,191. Sixty-five per cent of these were associated 
with bacteria in the urine. In 6.2 per cent of the whole group and in 
11 per cent of those infected, B. proteus was found. 

The organism occurs relatively more often in the presence of recurrent 
stones than in primary stones. Swift-Joly and many others find that 
nearly all recurrent stones are associated with infection and that if post- 
operative infection with urea splitters occurs, recurrence is almost certain 
to take place. Chute reported that 13 of 26 recurrent stones were due 
to infection with B. proteus, and Twinem found the organism in 7 of 10 
patients with repeated recurrences after operation. 


COURSE OF LITHIASIS FROM PROTEUS 


Once stones begin to form in the kidneys as a consequence of infection 
with B. proteus, the outlook is black indeed unless stones, predisposing 
causes (particularly stasis and immobilization in recumbence), and the 
exciting organism ean all be removed. If the urinary tract is normal 
except for the infection, the B. proteus is easily killed by acidification 
of the urine and the administration of mandelie acid; but if hydro- 
nephrosis is present, or if the patient is necessarily immobilized in re- 
cumbeney as in extensive paralysis or multiple severe fractures the out- 
look is very grave. In neither instance is it ordinarily possible to acidify 
the urine; in the latter situation the stasis in dependent calices and the 
increased excretion of calcium resulting from atrophy of bone may 
render treatment futile. 


TREATMENT 


If treatment is to be successful, the presence of B. proteus must be 
discovered and its serious significance appreciated. This can be done 
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only by proper culture, since it cannot be differentiated from other gram- 
negative rods in stained smears. It is imperative, therefore, that the 
urine be cultured in every case of infection and of stone, and that it be 
cultured at short intervals following any type of operation upon the 
kidney which involves postoperative drainage of urine to the outside. 

After an operation for stone before which the urine was sterile, the 
greatest pains must be taken to prevent infection with any organism. 
Since B. proteus is a common inhabitant of the bowel, the dressing 
should be covered with sterile waterproof sheeting to prevent contami- 
nation from the bedeclothes if the dressing becomes soaked. 

If a pelviostomy or nephrostomy is used, special care must be taken 
in the preparation and handling of the tubing before, during, and after 
operation. Chute has ealled attention to the tendency of B. proteus to 
survive attempts at sterilization of rubber tubing containing deposits 
of urinary salts. This tendency can be circumvented only by constant 
vigilance. A catheter which has been used for continuous drainage of 
urine must be soaked in hot soapsuds, then in dilute acetic acid, and then 
cleaned by drawing gauze through its lumen and rinsing it extensively. 
If any deposit of salts remains, the catheter should be cut up and dis- 
earded. If perfectly clean, it should be autoclaved. Glass connectors 
and receiving bottles must be cleansed with a mineral acid, rinsed, and 
autoclaved. The rubber tubing used to connect the catheter to the receiv- 
ing bottle cannot be sterilized adequately after use because of its length. 


New, cheap tubing carefully rinsed and autoclaved should be used for 


each patient and disearded. 

It is equally important that the drainage system be kept closed to 
avoid contamination from the air. A simple method of doing this is to 
use a two-hole rubber stopper. One hole contains a long glass tube which 
is connected to the drainage tube. The other holds a short glass tube 
capped with sterile gauze. The whole assembly is sterile, and the eol- 
lecting bottle is changed daily (Fig. 1). 

Reserve supplies of these kinds should be cultured periodically to make 
certain that a proper procedure is being followed and is effective. 

Immediately after the operation, fiuids should be forced to insure 
diuresis, the patient turned frequently to avoid stasis in dependent 
ealices, and one of the sulfonamides used in small doses from the day 
of operation as an aid in preventing infection, as advocated by Stalker 
and Schulte. 

The stone should be analyzed at onee. If it consists of phosphates and 
carbonates, it is desirable, as soon as the postoperative reaction has sub- 
sided, to acidify the urine to a pH of 5.4 or below and thereafter to give 
mandelie acid and to limit fluids until any infection has been overcome. 
Because most preparations of mandelie acid contain ammonia or calcium 
and because acidification of the urine may increase the excretion of eal- 
eium (Albright, Sulkowitch, and Chute), this regime probably should 
not be continued after sterilization of the urine. If it proves impossible 
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to acidify the urine, and thereby to sterilize it, or if the stone is of a 
type formed in acid urine (oxalates, urates), the sulfonamides should be 
continued until the urine is sterile. 

Upon subsidence of the postoperative reaction, the patient should 
receive an adequate mixed diet with an abundance of vitamins. 


Fig. 1.—Apparatus for continuous drainage of urine and continuous irrigation of 
bladder with 0.8 per cent sulfanilamide. 


If the B. proteus or another urea splitter is found before operation, 
and if the stones appear soft and crumbly or are multiple, operation 
probably ought to be deferred until the stones become denser and more 
discrete, or consolidate, or both, because of the certainty of recurrence 
around any sand left behind. At operation great care should be taken 
to remove all fragments; success should be verified by x-rays made on 
the operating table. 

Nephrostomy is imperative to avoid postoperative obstruction, to 
afford escape for blood and other detritus which might form the nu- 
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cleus of a new stone, and to permit acid irrigations. The last are 
intended both to afford an unfavorable culture medium for the urea 
splitters and to dissolve any sandy material left behind, although the 
latter is more to be hoped for than expected. The preferred solution 
is the mixture of citric acid and sodium citrate evolved by Albright, 
Sulkowitch, and Chute (sodium citrate, 45.2 Gm.; citric acid, 38 Gm. ; 
and distilled water, 1 liter). This may cause considerable irritation 
and have to be diluted, discontinued, or alternated with saline solution. 
In suitable cases it may even be used as a drip. 

During convalescence sulfathiazole should be given in full doses, 
substituting sulfanilamide or sulfapyridine if the first is ineffective in 
killing the organisms. 

The nephrostomy should be maintained until the urine is sterile or 
until stasis is overcome so that the urine ean be acidified to a pH of 5.4 
and kept there, when mandelate may be started and the tube with- 
drawn. It is impossible to overemphasize the importance of aseptic 
handling of the nephrostomy tube and of everything connected with 
it; it is difficult to convince interns and nurses that a fleeting contact 
between the open end of the tube and the bedclothes during irrigation 
or the use of a syringe or solution of doubtful sterility may defeat the 
whole purpose of the surgical removal of a stone; yet it is so. 

3y these methods recurrences can be minimized, although Chute 
found that 74 per cent of patients operated upon for stone in the pres- 


ence of urea splitters had recurrences within three years. Swift-Joly 
states that: ‘‘If the infection is caused by a urea splitting organism, 
it is most probable that a secondary phosphatic calculus will form in 


a short time.’’ He has observed recurrence in 16 per cent of aseptic 


and 50 per cent of infected renal ealeuli. 

Because of the frequency with which instrumentation precedes in- 
fection with B. proteus, most such infections can be prevented by 
proper attention to the details of asepsis in the use of urethral instru- 
ments and especially of inlying catheters and cystostomy tubes. In 
addition, the same regime recommended after lithotomy should be ob- 
served during drainage of the bladder; i.e., the use of sulfonamides or 
of acidification and mandelie acid, an adequate diet and fluid intake 
and, above all, aseptic handling of sterile tubing and bottles. 


CASE REPORTS 


Our own material at the University Hospital is too small to permit 
any statistical computations. In the period from July, 1930, to Janu- 
ary, 1940, renal and ureteral caleuli were diagnosed 495 times. B. 
proteus was found in the urine on culture in 12 cases (2.4 per cent). 
Nine of the 12 were admitted during the last four years. This is due 
in part to the operation of chance, in part to the increasing frequency 
of urethral instrumentation, and in part to more careful and more fre- 
quent bacteriologic studies of the urine, based upon realization of the 





CREEVY: NEPHROLITHIASIS DUE TO BACILLUS PROTEUS 977 


serious significance of infections with this organism after painful ex- 
periences with the first 3 cases. The cases have been divided, rather 
artificially, into those following: (1) operations upon the bladder, (2) 
operations upon the kidney, (3) use of inlying catheter in patients pro- 
foundly ill, and (4) apparently spontaneous infections. 


CASES FOLLOWING OPERATION UPON THE BLADDER 

H. N. (No. 608824), aged 22 years, had a cystostomy in September, 1932, by 
another physician because of a contracted bladder of unknown etiology with bilateral 
hydronephrosis and hydroureter. Six weeks later he was admitted with the tube 
clogged; he had multiple calculi in the left kidney and B. proteus in the urine. 
By January, 1933, he had bilateral caleuli which were growing rapidly; left 
pelviolithotomy and nephrostomy in March, 1933, were followed by prompt recurrence. 
Despite acid irrigations, the use of neoarsphenamine and ketogenie diet, and 
the passage of many stones from both sides, the patient slowly failed and died 
on July 28, 1934. Necropsy disclosed interstitial cystitis, bilateral hydronephrosis, 
pyelonephritis with abscesses, and nephrolithiasis. 


Comment.—This was my first experience with what might be called 
*‘malignant’’ nephrolithiasis due to implantation of B. proteus into 
hydronephrotic kidneys. The lessons learned then have been slowly 
sinking in ever since. 


S. B. (No. 616637), aged 31 years, admitted in September, 1934, had an en- 
crusted cystitis with FH. coli, staphylococci, and diphtheroids. It had resisted 
every form of conservative treatment for five years, wherefore presacral neurec- 
tomy and curettage of the bladder were done after admission. There was tempo- 
rary benefit, but six weeks later she returned with hydronephrosis and acute bilateral 
pyelonephritis due to B. proteus. Bilateral pelviolithotomy and permanent nephros- 
tomy were finally necessary. 

She died under unknown circumstances outside the hospital three years later. 


Comment.—B. proteus apparently followed the cystostomy tube to 
the bladder and then regurgitated to the kidneys. Stones formed and 
grew rapidly; their removal and nephrostomy were inadequate to con- 
trol the process despite energetic irrigations and the use of all avail- 
able antiseptics. 

L. H. (No. 634521), aged 21 years, admitted in January, 1935, from another 
hospital, had been in an automobile accident six months before. He had a fractured 
pelvis, suprapubic, perineal, and rectourethral fistulas, and multiple calculi in the 
right kidney and bladder, infection with B. proteus, and malnutrition. 

Despite a series of efforts, including urinary antiseptics, litholapaxy, colostomy, 
irrigations, and dietary management, he died in August, 1936, of chronic pyelo- 
nephritis, nephrolithiasis, uremia, and amyloidosis. 


Comment.—The initial injury was very severe; the complications 
more so; every measure tried proved ineffective. All 5 of these cases 
emphasize, by default, the value of the sulfonamides. 


D. M. (No. 686663), aged 7 years, admitted Oct. 30, 1939, had a large ureterocele 
with 300 ¢.c. of residual urine infected with streptococci and Staphylococcus albus. 
There was bilateral duplication of pelves and ureters with one functionless segment 
on each side and regurgitation up the ureters. 
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The ureterocele was excised and cystostomy made on Nov. 7, 1939, and he was 
sent home with drainage aimed at improving renal function. In February, 1940, he 


had B. proteus in the urine, a calculus in the functioning segment on the right, three 


in its ureter, and two in the functioning segment on the left (Fig. 2). In March, 
1940, right pelviolithotomy, nephrostomy, and heminephrectomy were done, and 
B. proteus was eradicated later with sulfathiazole. A drip of citric acid-sodium 
citrate was then attached to the nephrostomy; in three weeks the ureteral calculi 
were gone. 


. M. Calculi following infection with B. proteus through a cystostomy. 


In August, 1940, the left renal calculi passed into the ureter; left heminephrectomy 
and nephrostomy were done. In October, 1940, the citrate drip was started on the 
left; in eleven days the stones and B. proteus were gone (Fig. 3). The 


nephrostomies are being maintained pending recovery of the bladder. 


Comment.—This is a striking demonstration of the value of sulfa- 
thiazole and the citric acid-sodium citrate combination; it is a question 
whether the child has enough renal function to permit growth and 
whether the terrifically damaged bladder will ever become uséful. 

K. D. (No. 694539), aged 36 years, admitted on April 23, 1940, had a recurrent 
giant left renal caleulus with pyuria and B. proteus. A bladder tumor had been 
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fulgurated elsewhere in 1931; a branched left renal calculus had been removed by 
another surgeon in 1934, at which time cultures showed ZF. coli and streptococci; 
a fistula had been present intermittently since. 

Left nephrectomy on April 27, 1940, was followed by recovery. Both sulfanil- 
amide and sulfathiazole were used postoperatively. On Nov. 14, 1940, the urine and 
KUB were negative and the patient symptom free. 


Comment.—Unilateral calculous pyonephrosis due to B. proteus pre- 
sents no special problem other than eradication of the organism from 
the bladder postoperatively. 


Fig. 3.—Case D. M. Calculi dissolved by continuous irrigation with citric acid and 
sodium citrate through nephrostomies. 


CASES FOLLOWING OPERATION UPON THE KIDNEYS 
V. T. (No. 636931), aged 25 years, was admitted on March 28, 1935. Six years 
before he had received intensive local treatment elsewhere for gonorrhea. For two 
years he had had a mild lumbar backache. The general state was excellent. The 
urine contained pus and staphylococci; KUB showed a branched stone on the right, 

two bean-sized calculi in the left pelvis, and one in the left lower ureter. 
On April 12, 1935, left pelviolithotomy and pelviostomy, and on April 30, left 
ureterolithotomy were performed. Irrigations with 1 per cent silver nitrate were 
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earried out, On May 16, 1935, the urine from both kidneys contained B. proteus. 
Nevertheless, right nephrolithotomy and nephrostomy were done in September, 1935. 
Both pelves were then lavaged weekly with silver nitrate on eleven occasions. The 
ketogenic diet and neoarsphenamine were without effect. In January, 1936, culture 
showed B. proteus on both sides, after which he abandoned treatment. 

On Dee. 3, 1940, he was well but had an occasional white cell and EH. colt in 
the urine. The KUB was negative. 


Comment.—This patient was evidently infected by staphylococci dur- 
ing treatment for gonorrhea and developed four stones. B. proteus 
was introduced into both sides by drainage tubes after lithotomy. 
Nevertheless, because he was robust, he had no systemic disease, no 
stasis, and resumed normal activity, B. proteus disappeared sponta- 
neously. That he is well five and one-half years later is due at least 
as much to good luck as to good management. He is now under treat- 
ment to eradicate FE. coli. 

B. H. (No. 671576), aged 28 years, admitted Nov. 21, 1938, had left renal colic 
of two months’ duration. There was a stricture of the left ureteropelvic junction 
with a small hydronephrosis and a minute shadow in the right renal area. The 
urine was sterile. Dilatation of the left ureter being ineffective, a Y-plasty was 
done on Nov. 22, 1938. In a culture made on the day of operation, B. proteus was 
found in urine from the bladder; its significance was not appreciated. 

Fifteen days after operation there was a right renal colic. A small calculus 
was pushed from the upper ureter into the pelvis, urine from which contained B. 
proteus. Thereafter acidification of the urine was impossible and sulfanilamide in- 
effective. Stones were passed intermittently from the right until readmission on 
Aug. 23, 1939, with fever and right renal pain. At operation fibrin and sandy 
material were removed from the inflamed right kidney, and nephrostomy was done. 
Bleeding occurred into the wound that night, and the patient died despite transfusion, 
evacuation of clots, and packing. 

At necropsy, the hemorrhage was found to have come from an ureteral vessel. 
The left kidney was normal except for a little scarring. 


Comment.—B. proteus was introduced at cystoscopy and overlooked. 
There is evidence that a silent caleulus was present on the right before 
operation, but it was the introduction of the organism that led indi- 
rectly to death which could have been prevented by the nephrectomy 
which seemed at the time unwise. 


H. J. (No. 654859), aged 38 years, was admitted Nov. 9, 1937, for disabling 
bilateral backache of long standing, not relieved by ureteral dilatation, and due 
to low-grade bilateral obstruction at the ureteropelvic junction, with sterile urine. 
In November, 1937, a right Y-plasty was done. Recovery was uneventful, but a 
month later urine drained from the wound until a small stone was passed. B. 
proteus was then found in the urine but responded to sulfanilamide. 

Left Y-plasty was done in June, 1938. Recovery was uneventful, but he returned 
in two months with a left renal colic, a stone 2 cm. in diameter in the left kidney, 
and pyuria with B. proteus. On August 9 left pelviolithotomy was performed and 
the urine sterilized by 6 Gm. of sulfanilamide daily for three weeks. 

In June, 1940, excretory urography showed no calculi, and in August the urine 
was sterile. 
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Comment.—One wonders at the temerity of both patient and surgeon 
in wanting a second operation after the experience with the first, yet 
sulfanilamide unquestionably saved the day. 


M. B. (No. 675383), aged 58 years, was admitted Feb. 6, 1939. For two years 
he had had left renal colies and pyuria, due to bilateral multiple caleuli with pus 
and diphtheroids in the urine. After left pelvionephrolithotomy and nephrostomy 
in February, 1940, B. proteus was somehow introduced, and although recovery was 
good, recurrence was prompt. Because of the presence of hydronephrosis and 
valculi, it has been impossible to destroy the organism. Curiously enough the patient 


has remained symptom-free, although his outlook is not good. 
Comment.—Operation defeated by the introduction of B. proteus. 


CASES DUE TO THE INLYING CATHETER 


E. J. (No. 686081), aged 27 years, was placed in the respirator because of bulbar 
poliomyelitis with retention of urine in September, 1939. The urine on admission 
contained pus, EH. coli, gamma streptococci, and Staphylococcus albus. 

Despite many attempts at acidification, the use of sulfanilamide, and sufficient 
recovery to permit sitting up and removal of the catheter, B. proteus appeared first 
on Feb. 18, 1940, resisted treatment, and caused death on April 14, 1940. Necropsy 
disclosed acute bilateral pyelonephritis with multiple abscesses and calculi. 


Comment.—Better care of the inlying catheter would have prevented 
this all too common outcome in a patient with temporary paralysis of 
the bladder. Such occurrences, so frequent after injuries to the spinal 
cord, are a reflection upon the handling of patients with paralyzed 
bladders. 


J. S. (No. 685656), aged 47 years, was confined for several months in another 
hospital because of fractured ribs, spine, and skull. He was at first unconscious 
and had an inlying catheter. In August, 1939, two months after discharge, left 
renal colics led to admission to the University Hospital. In September he had a 
branched calculus on the right and a stone 2 cm. in diameter on the left (Fig. 4). 
Left pelviolithotomy, nephrostomy, acid irrigations, and sulfathiazole killed the 
B. proteus on the left. In January, 1940, the same procedure was followed on the 
right, and he was discharged, free from B. proteus, on Feb. 24. 

In June, 1940, he was symptom-free, x-ray was negative, and the clear urine 
contained a ‘‘coagulase negative’’ (presumably nonpathogenic) staphylococcus. 


Comment.—The apparently successful issue depended upon disap- 


pearance of the predisposing causes (immobilization, bone atrophy, in- 
lying catheter) and careful postoperative eradication of the organism. 


F. H. (No. 691126), aged 39 years, was admitted in shock due to right renal 
eolic and fever in March, 1940. She proved to have a bilateral duplication of the 
renal pelvis and ureter with calculi in the right upper segment and its ureter, and 
in the left lower segment, both infected with B. proteus. Her condition was pre- 
carious. The blocked right upper segment was drained with an inlying catheter, 
and the ureteral stone was finally pushed into the pelvis. Right pelviolithotomy and 
nephrostomy were done on April 20, 1940. The B. proteus was killed by irrigations 
and sulfathiazole. 
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‘On July 15, 1940, left heminephrectomy was done, because the stone was crumbly 


> 


and adherent. B. proteus was absent from the urine on both sides at discharge, 


but on Nov. 30, 1940, she had three small caleuli in the right lower (unoperated) 


pelvis, and the urine contained EF. coli; she was pregnant. 


Comment.—The caleuli in the lower segment probably formed be- 


fore the B. proteus was eradicated. The persistence of FE. coli and the 
] 


past history make therapeutic abortion and sterilization imperative. 


Fig. 4.—Case J. S. Calculi due to infection by B. proteus through an inlying catheter. 


APPARENTLY SPONTANEOUS 


Mrs. F. L. (No. 699880), aged 63 years, was admitted on Oct. 10, 1940, because 
of severe pain in the left flank of two months’ duration, There was no history of 
instrumentation. She was obese and quite feeble and proved to have a left calculous 
pyonephrosis with purulent urine containing B. proteus. Because of her poor 
general state, nephrostomy was done on Oct. 15, 1940, and her general condition 
improved. Nephrectomy was done on Dec. 18, and recovery was satisfactory. 


Comment.—Unilateral destructive disease with a sound opposite kid- 
ney presents no special problems and has but one solution. 
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SUMMARY 


Thirteen cases of nephrolithiasis secondary to infection by B. proteus 
have been reported. The organism, resident in the bowel, is usually 
introduced into the urinary tract by or through the catheter, forms 
ammonia from the urea of the urine, thus alkalinizing the urine and 
precipitating the phosphates and carbonates of calcium, ammonia, and 
magnesium, especially in the presence of stasis, recumbency, and in- 
creased excretion of calcium. 

In 11 of the 13 patients (84 per cent) it is known to have been intro- 
duced by catheters, usually employed as nephrostomies or cystostomies. 
In 2, congenital anomalies of the urinary tract were present. In 9 
(70 per cent), the caleuli were bilateral; 2 grew very rapidly under 
observation. Five (38 per cent) of the patients died, 4 as a direct re- 
sult of the infection and lithiasis, and 1 from a surgical accident. 

Treatment was entirely futile in the earlier cases but is gradually 
improving for four reasons: the development of effective urinary anti- 
septics (sulfanilamide and especially sulfathiazole) and the citrate- 
citric acid irrigant; a clear understanding of the mode of entrance of 
the organism into the urinary tract; an appreciation of its extraordi- 
narily serious potentialities; and comprehension of the role of predis- 
posing factors such as stasis and recumbency. 

As a result, 7 patients have been apparently cured of the infection, 


and 6 of the stone-forming tendency by a combination of operation and 
sulfonamides, and in suitable cases, irrigations with citrate-citrie acid. 

Three must be classified as cures more or less by default, since 2 
followed nephrectomy for unilateral disease, and 1 occurred sponta- 
neously after removal of calculi. Two of the ‘‘cured’’ patients have 
E. coli but not pus in the urine, and 1 has ealeuli in the unoperated 
segment of a double kidney, apparently having started these stones 


before the organism was eradicated. 

The real solution of the problem lies, however, not in removing 
stones, relieving stasis, and curing infection, but in preventing the 
entrance of the organism into the urinary tract by adequate, painstak- 
ing, and persistent attention to the proper sterilization of catheters 
and their adjuncts, to their aseptie introduction and fixation, and 
above all, to the proper care of systems draining urine from the body. 
To this end, educational activities by informed urologists are imperative. 
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EXTRADURAL HEMORRHAGE IN THE POSTERIOR FOSSA 


CLAUDE C. CoLEMAN, M.D., anv J. L. THomson, M.D., 
RICHMOND, VA. 
(From the Department of Neurological Surgery, Medical College of Virginia) 


i grange of extradural hemorrhage in the literature has been 
restricted almost exclusively to those clots which result from lacera- 
tion of the trunk of one of the branches of the middle meningeal artery. 
Clots from this source cause rapid and direct cerebral compression. In 
typical cases they are readily recognized, but inasmuch as they do not 
always develop classical symptoms, the mortality continues high because 
of late diagnosis. 

Extradural hemorhage from a lacerated sinus of the cerebral dura 
is rare, but some recognition is given in the literature to the possibility 
of clots from this source. 

Little attention has been given to extradural hematoma in the posterior 
fossa where the arterial supply of the dura is seanty. <A clot forming 
between the dura and bone of the posterior fossa arises from a laceration 
of one of the dural sinuses. 

A review of the literature fails to record any clinical discussion of 
these cases prior to MeKenzie’s! article in 1988. This writer describes 
such a ease in a child recognized only at autopsy where an extradural 
clot measuring 2 em. in thickness and 5 em. in diameter was found over 
the right cerebellar hemisphere. He also relates the history of two adult 


patients, each of whom had extradural cerebellar collections of blood as 


extensions from extradural clots over the cerebral hemispheres. A pos- 
terior fossa operation was performed on one patient who died shortly 
afterward. The other patient had a temporal exploration and the pos- 
terior fossa clot was found at autopsy. 

Lecount and Appelbach? in 1920 reporting on 504 autopsied cases 
of skull fracture had 8 cases of extradural hemorrhage in the posterior 
fossa. The source of hemorrhage in each instance was from one of the 
transverse sinuses and the clot did not exceed 50 Gm. Likewise, Vance’ 
in 1927 recorded 512 autopsies of skull fracture and noted 4 eases of 
extradural hemorrhage from torn lateral venous sinuses. However, it 
was not clearly stated whether these clots were entirely confined to the 
posterior fossa or extended upward over the occipital lobes. Mayfield* 
recently had a patient in whom a cerebellar clot was suspected but who 
died before the posterior fossa could be explored. Autopsy revealed 
an extradural cerebellar hematoma. 

The present case is reported in considerable detail because of the 
rarity of the condition, the fact that we found no reported case which 
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recovered, and to emphasize the features of a clinical picture which is 


highly suggestive of extradural hemorrhage in the posterior fossa. Care- 
ful study of the case led to a correct preoperative diagnosis and the ap- 
propriate operative procedure was followed by complete recovery of the 
patient. 


Case Report.—(No. 73891.) <A previously healthy negro male, 9 years of age, 
was admitted to Saint Philip Hospital, Dec. 18, 1939, and discharged Jan. 3, 1940. 

Present Illness.—Two days before admission the child fell from a moving truck, 
striking the back of his head, but was not rendered unconscious. Shortly afterward 
he was brought to the emergency room of the hospital where examination showed an 
alert and cooperative child, the only sign of injury being a small hematoma in the 
left occipital region. All reflexes were normal and the patient was discharged. He 
was returned in about twenty-four hours because of headache, some drowsiness, and 
because he had vomited once or twice. Again the neurological examination was es- 
sentially negative. The child was taken home and was brought to the hospital again 
the following night. This time he was moderately drowsy, occasionally very rest- 
less, complained of headache and had vomited several times. There were still no 
abnormal neurological findings. However, the patient was admitted to the hospital 
for observation. Fifteen hours later (morning of the third day following accident), 
the child was very drowsy but moved readily on painful stimulation. He would 
persistently lie on the left side and when turned on his back would again promptly 
turn to the left side. 

On examination the hematoma in the left occipital region was still present. The 
neck was spastic and the patient cried out when attempts were made to flex it. 
The pupils were equal, moderately dilated and reacted to light. There was no 
nystagmus or strabismus. All cranial nerves were normal including the optic disks. 
The patient moved all extremities equally well, but there was definite generalized 
hypotonia, The biceps, triceps, knee and ankle jerks were now entirely absent. 
The Babinski sign was absent. The general physical examination was essentially 
normal. The blood Wassermann test was positive. X-ray examination of the skull 
in the anteroposterior view showed a long linear fracture extending from the 
lamboidal suture downward into the foramen magnum in the midline (Fig. 1). 

The child was now obviously seriously ill and an immediate operation seemed 
advisable. The operative site was largely determined by the sequence of events 
which had taken place since the accident. Briefly, the child was not stuporous but 
had been unconscious, the neck was spastic and passive motion was very painful. 
He invariably lay on the left side, hypotonia developed and later areflexia appeared. 
After these facts were established and knowing that a fracture of the occipital bone 
was present, it seemed most likely that a blood clot was present in the posterior 
fossa causing cerebellar compression and obstructive hydrocephalus. 

Operation (J. L. T.), Dec. 19, 1939.—Under ether anesthesia, bilateral anterior 
parietal burr openings were made to rule out possible clots over the cerebral hem- 
ispheres. The left lateral ventricle was tapped and 30 c¢.c. of clear ventricular 
fluid was obtained under pressure. The needle was withdrawn without removing 
more fluid. The hydrocephalus gave added proof that an obstruction was present 
in the posterior fossa. Consequently, the patient was prepared for bilateral burr 
openings of the posterior fossa. An opening was made over the center of the right 
fossa and immediately about 10 ¢.c. of old, thin, dark blood escaped under marked 
pressure, An organized blood clot was readily visible beneath, necessitating an 
extension of the scalp incision in a bow-shaped outline and removing the bone 
over the right and left fossae in order to expose the hematoma (Fig. 2). The early 
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organized hematoma was then removed with suction and by pulling adherent por- 
tions away from the dura. The clot was at least 3 em. thick near the midline and 
had compressed the midline structures and right cerebellar hemisphere considerably 
more than the left. An inspection of the borders of the hematoma showed that it had 
extended on the right, lateralward to the sigmoid sinus. Above, the dura enclosing 
the lateral sinus was stripped from the bone near the torcular, while on the left, 
the edge of the clot was near the sigmoid sinus, and below it had extended to the 
foramen magnum (Fig. 3). As a small portion of the clot was being pulled from 


Ze. & 


Fig. 1.—X-ray film showing long linear fracture from the inion to the posterior 
oO 


border 
arrows. 


f the foramen magnum in the occipital bone. Fracture line indicated by 


the torcular, there was profuse bleeding which stopped upon releasing the tension. 
It was therefore concluded that the toreular Herophili had been torn when the 
skull was fractured and that the lacerated venous channel was the source of the 
hemorrhage. When all of the hematoma had been removed, the contents of the 
posterior fossa re-expanded and began pulsating. Immediately the noisy and 
irregular respiration became quiet and even. The wound was closed in layers with 
interrupted black silk. One rubber tissue drain was placed in the right extradural 
space and was removed twenty-four hours later. 
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The patient reacted promptly from the anesthesia and four hours later could 
talk coherently but was moderately drowsy. Improvement was continuously satis- 
factory so that he was up about the ward on the eleventh postoperative day. Ex- 
amination showed that the wound had healed by primary intention. There was no 
stiffness of the neck. The cranial nerves were normal. There was normal muscular 
tone of the extremities. All of the deep and superficial reflexes were present, equal 
and normally active. The Babinski sign was absent. There was no ataxia. The 
child was discharged sixteen days after admission. When seen in the out-patient de- 
partment two weeks later the examination was negative and his mother stated that he 
seemed normal in all respects. The patient was last seen on Jan, 21, 1941. At that 
time he had no complaint, the neurological examination was negative, and he ap- 
peared to have no residual impairment. 


Fig. 2. Fig. 3. 
Fig. 2.—Appearance of incision fifteen days after operation for evacuation of extra- 
dural hemorrhage from the posterior fossa, 
Fig. 3.—Diagrammatic view of the size and location of the clot in the posterior 


fossa. 

The relatively slow onset of symptoms in this case, requiring more 
than sixty hours for drowsiness to appear, was caused by obstruction 
of the ventricular system by the slowly forming clot, rather than by 
direct pressure of the clot on the cerebellum. A hematoma from sinus 
origin forms slowly because the venous pressure within the sinus is only 
about 4 to 6 mm. of Hg. Since there are no large arterial vessels on the 
dural surface of the posterior fossa, it is safe to assume that all surgical 
clots in this region are of venous origin. Therefore, a rather long latent 
period, possibly in terms of days, may intervene between the time of 
injury and the onset of symptoms indicating the presence of a clot. 

Before the diploe have formed in the skull of a child the dura is more 
tightly adherent to its inner surface than in an adult. Should a frac- 
ture line cross a venous sinus in the occipital fossa a tear in a sinus of 
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the tightly adherent dura may occur. The transient displacement of 
the bone fragments strips the dura from the bone, thus allowing ex- 
travasation of venous blood between the bone and dura. It seems un- 
likely that a tear in a sinus in this location can occur without a frae- 
ture of the skull. From reports in the literature and the experience 
of the present case, it may be said that a hematoma of the posterior 
fossa does not occur in the absence of skull fracture. It is difficult to 
say why patients with rapidly expanding lesions of the posterior fossa 
prefer to lie on one side, usually on the side of the lesion. A suggestion 
is that an attempt is being made to keep the weight of the clot off of the 
vestibular nuclei in the vermis and vagal nuclei in the brain stem, there- 
by preventing reflex vertigo and vomiting. This phenomenon of foreed 
position has been observed on a number of occasions at this clinic. Some 
years ago a young boxer received a light blow on the back of his head and 
about twenty-four hours later became very drowsy. He would per- 
sistently le on his side and when turned on his back would vomit vio- 
lently and rapidly turn to the side again. At operation by one of us 
(C.C.C.) a large acute intracerebellar hematoma was removed and the 
patient made an uneventful recovery. 

Frequent neurological examinations are necessary, to observe the ap- 
pearance and progression of hypotonia and hyporeflexia which becomes 
evident as drowsiness increases. These cerebellar signs in the presence 
of nuchal rigidity are most important aids in making a correct diagnosis. 
Even though this type of lesion is extremely rare it should be considered 
in a drowsy patient who has evidence of cerebellar compression and a 
fracture of the occipital bone. 

It is important to stress the fact that morphine should not be given 
or a lumbar puncture performed in the management of suspected ex- 
tradural hemorrhage in the posterior fossa. Morphine notably sup- 
presses respiration in the already drowsy patient and is dangerous when 
increased intracranial pressure is present. Morphine should never be 
given until the intracranial pressure has been controlled. Lumbar 
punctures may be helpful in the diagnosis of nonoperative cases of acute 
head injury, but the procedure is definitely contraindicated if an extra- 
dural hemorrhage is suspected, because sudden disturbance of intra- 
eranial relations by withdrawing cerebrospinal fluid may cause a shift 
of or pressure upon the brain stem with damage to important centers. 


Since the primary effect of an acute extradural hemorrhage is to produce 
increased intracranial pressure and since bloody spinal fluid does not 
definitely rule out such a clot, one easily realizes that lumbar puncture 
adds little information to the history and neurological examination. 


The diagnostic criteria for recognition of an extradural hematoma in 
the posterior fossa are as follows: There is a history of a blow on the 
back of the head severe enough to produce a fracture of the skull but 
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which may or may not cause unconsciousness. This is followed by 
headache of gradual increasing severity and is usually accompanied 
by nausea and vomiting. Drowsiness and restlessness appear and pro- 
gress until the patient lapses into unconsciousness. However, during 
the drowsy state several things may be noted. The patient prefers 
to lie on one side and will promptly return to the same side when 
placed on his back. Nuchal rigidity develops, nystagmus may or 
may not be present, and the deep reflexes disappear. As unconscious- 
ness deepens, genéralized hypotonia develops, the pulse and respiration 
become irregular and death is imminent unless there is prompt surgical 


intervention with removal of the elot. 
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EXPERIMENTAL STUDIES ON ALIMENTARY AZOTEMIA 


II. THe RELATIVE IMPORTANCE OF THE PLASMA AND ERYTHROCYTE 
FRACTIONS OF ABSORBED BLoop* 


Henry N. Harkins, M.D., Px.D., ano C. Frank CuunnN, M.S., M.D., 
Detroit, Micu. 
(From the Division of General Surgery, Henry Ford Hospital) 


HE occurrence of an increased blood urea nitrogen concentration in 

certain cases of intestinal hemorrhage, particularly in patients with 
bleeding peptic ulcer, has considerable prognostic significance. In pre- 
vious papers,’ * the literature was reviewed on this subject of azotemia 
following gastrointestinal hemorrhage in patients and in experimental 
animals and the term alimentary azotemia was introduced as a more 
definitive name for this condition and one comparable to those applied 
to other similar processes. This earlier work agreed closely with that 
of Schiff and associates* and with slight variations with that of Kaump 
and Parsons.° 

Most observations on human patients and experimental work on ani- 
mals so far reported have employed the use of whole blood in the study 
of alimentary azotemia. Schiff and co-workers‘ observed an appreciable 
degree of alimentary azotemia in one human subject following the in- 
gestion of 1.8 kg. of lean meat. That the cells rather than the plasma 
are the active principle in producing this type of azotemia was first 
stated in preliminary reports by one of us (C. F. C.)* in 1940, and later 
by the other (H. N. H.)’ and by Boals and both of us* in 1940. In a 
later paper, Yuile and Hawkins’ in 1941 reported independent data 
confirming this conclusion. 

In consideration of this and other observations made in our earlier 
experiments, it occurred to us that the etiology of alimentary azotemia 
should be further studied by breaking the whole blood down into its 
component parts to determine if possible which fraction or combination 
of fractions was responsible for the production of alimentary azotemia. 

EXPERIMENTAL 

Method.—A large quantity of citrated beef blood was separated into 
the plasma and cell fractions by centrifuging. Five dogs were given 
varying amounts of beef cells by stomach tube and five dogs were given 
beef plasma in the same manner. The dogs were young, healthy, and 


apparently free from renal disease. 
Urea nitrogen determinations, using essentially the same method as 
that of Van Slyke and Cullen,’® were made from samples taken at 2:00 


*A portion of the thesis submitted by C. Frank Chunn to the Graduate School of 
the University of Michigan in partial fulfillment of the requirements for the Degree 
of Master of Science in Surgery. 
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and 8:00 a.m., 12:00 noon, and at 4:00 and 8:00 p.m. Blood was drawn 
for analysis from the jugular vein of each dog during a control period 
of from one to three days preceding each series of experiments and con- 
tinued twenty-four hours after the curve had returned to normal. The 
dogs were given their usual amount of food divided into four small 
feedings daily. Water was given freely. As in our previous experi- 
ments on the effects of whole blood, when the normal blood urea nitrogen 
curve was established, the dogs in Group A were given beef blood eells 
by stomach tube in divided doses at intervals and the dogs in Group B 
were similarly given beef plasma. 
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—The comparative effects of blood cells and blood plasma in the production 
of alimentary azotemia in dogs. 

Results: Relative Effects of Plasma and of Red Blood Cells——The 
five dogs receiving the beef blood cells all showed an elevation of blood 
urea nitrogen above normal within four hours and a maximum concen- 
tration of blood urea nitrogen at various intervals between five and 
twelve hours, depending on the amount and number of doses given. 
After administration of the last dose of cells, the return to normal of 
the blood urea nitrogen required from twelve to seventeen hours as 
seen in Fig. 1 which represents the result in a typical experiment. 

The five dogs that received beef plasma by stomach tube showed a 
longer interval between the first administration of plasma and the initial 
rise of blood urea nitrogen. The rise occurred in four experiments at 
four, eight, ten, and eleven hours respectively. In one dog receiving 
plasma there was no deviation from the normal blood urea nitrogen 
curve throughout the experiment. The maximum blood urea nitrogen 
concentration was apparent in the four dogs which showed a rise at 
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intervals of from eight to eleven hours, one dog showing no elevation 
as mentioned. The return of the blood urea nitrogen to normal follow- 
ing the last administration of plasma required from five and one-half 
to twenty hours as shown also in Fig. 1. 

It was noted that with the exception of a small portion of the curves 
of Dogs 3 and 5 (not shown in Fig. 1) the blood urea nitrogen was al- 
ways higher for the animals receiving blood cells than for the animals 
receiving blood plasma. This occurred even when the doses of plasma 
were double that of cells. In one experiment where the maximum con- 
centration of blood urea nitrogen of the plasma-fed dog attained the 
same elevation as that of the cell-fed dog on the first day only, a total 
of only 371 ¢.c. of blood cells was given as compared to 489 ¢.c. of blood 
plasma preceding the maximum elevation of blood urea nitrogen. In the 
other experiment where the blood urea nitrogen elevation persisted a 
little longer in the plasma-fed animal, the dosage of plasma was 700 c.e. 
as compared to only 395 ¢.c. of cells. The other three experiments re- 
vealed a much lower blood urea nitrogen concentration for the animals 
given plasma, and as mentioned before, in one experiment, there was no 
elevation even though the animal was given 600 ¢.c. of plasma in 200 ¢.e. 
doses at four-hour intervals. 

Additional Experiments on Rats.—Deviating from our usual pro- 
cedure, two adult albino rats weighing from 350 to 400 Gm. were given 
15 ¢.c. of blood cells by stomach tube and at the same time 15 e.c. of 
physiologie saline solution intraperitoneally to combat any possible de- 
sree of dehydration. Three control rats received only the 15 ¢.c. of 
of saline solution intraperitoneally. A control rat was killed at this 
time and 3 ¢.c. of blood taken from the heart showed a blood urea 
nitrogen of 14.7 mg. per cent. Six hours later a blood cell-fed rat was 
killed and 3 e¢.c. of heart blood recovered. The blood urea nitrogen was 
47.6 mg. per cent, and the control at this time revealed a blood urea 
nitrogen concentration of 13.4 mg. per cent. This was repeated with the 
second experimental rat in eighteen hours, at which time the blood urea 
nitrogen was 29.8 mg. per cent, as seen in Fig. 2. 

Effect of Ingested Blood on Rectal Temperature and General Condi- 
tion.—Rectal temperatures were taken on two dogs five times daily; i.e., 
2:00 and 8:00 a.m., 12:00 noon, and 4:00 and 8:00 p.m. No elevation 
beyond the normal diurnal variation occurred following administration 
of beef blood cells and beef blood plasma. However, the dogs did appear 
to be sick and would lie listlessly in their cages. Their food consumption 
per day was somewhat diminished, but the fluid intake was usually in- 
creased after the administration of blood, cells, or plasma. 


COMMENT 


From the evaluation of our experiments on azotemia following intra- 
gastric administration of whole citrated beef blood, beef blood cells, and 
beef blood plasma, it would seem that blood in the gastrointestinal tract 





994 : SURGERY 


undoubtedly causes an appreciable degree of azotemia. It would also 
seem that blood cells play the major role in producing azotemia, and 
that the degree of azotemia is directly proportional to the amount of 
blood, cells, or plasma put into the gastrointestinal tract. 

Of the ingested materials used, i.e., whole blood, blood cells, and blood 
plasma, the average amount of hemoglobin in the whole blood was 11.65 
Gm. per 100 ¢.c. as shown in Table I, and the average total plasma 
protein of blood was 4.74 Gm. per 100 ¢.c. Furthermore, the average 
hemoglobin content of blood cells was 29.36 Gm. per 100 ¢.c. as shown in 
Table I. These figures represent actual amounts of protein per 100 c.c. 
In other words, 29.36 Gm. hemoglobin per 100 ¢.c. for blood cells equals 
29.36 Gm. of protein per 100 ¢.c. Hemoglobin is a protein containing 
iron and elassified as a histone. These facts are suggestive that the 
azotemia was caused simply by the absorption of protein from the gastro- 
intestinal tract with resultant urea formation in the liver from the ab- 
sorbed protein. In these experiments, therefore, the chief cause of the 
increased blood urea nitrogen would not seem to be shock, hemorrhage, 
hypochloremia, decreased renal function, dehydration, increased body 
protein catabolism or shock, as shown in Table II. 
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Fig. 2.—The effect of feeding red blood cells in the production of alimentary 
azotemia in the white rat. 


Effect of Hemoglobin.—To carry this aspect of the investigation 
further, another experiment was performed using two dogs. One dog 
was given 60 Gm. of pure hemoglobin in two 30 Gm. doses four hours 
apart. The second dog received 100 Gm. of pure hemoglobin in one 
60 Gm. and one 40 Gm. dose four hours apart. As is seen in Fig. 3, both 
dogs showed an initial increase in blood urea nitrogen in four hours, a 
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TABLE I 


ANALYSIS OF SPECIMENS USED IN THESE EXPERIMENTS 
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maximum concentration of blood urea nitrogen in twelve hours, and a 
return to normal in twenty-eight hours. Furthermore, the dog receiving 


the larger dose of hemoglobin showed consistently higher blood urea 
nitrogen concentrations, leading one to believe that the degree of 
azotemia was due to and directly proportional to the amount of ingested 
hemoglobin. 

Effect of Protem.—Following this observation two dogs were given a 
single large protein meal consisting of casein and ground beef, the first 
dog receiving 83 Gm. of protein, and the second 175 Gm. The same 
type of azotemia curve was obtained as for whole blood, cells and hemo- 
globin. The initial elevation of blood urea nitrogen appeared in one 
hour with a maximum concentration in five hours and a return to normal 
in twenty-five hours. Here again as shown in Fig. 4, the curves parallel 
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each other with the blood urea nitrogen curve of the dog receiving the 
larger dose of protein consistently several milligrams per cent above the 
other until normal is approached. That the protein in the cellular hemo- 
globin is the active element is corroborated by the results of Yuile and 
Hawkins’? (1941). These authors have shown in an excellent presenta- 
tion that the blood urea nitrogen rise following the injection of various 


substances is quantitatively proportional to their protein content. 
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Fig. 3.—The effect of hemoglobin in the production of alimentary azotemia in dogs. 
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Fig. 4.—The effect of protein in the production of alimentary azotemia in dogs. 





HARKINS-CHUNN: EXPERIMENTAL STUDIES ON ALIMENTARY AZOTEMIA 997 


Effect of Iron—Two dogs were given approximately 1 Gm. of iron 
each by stomach tube in the form of 10 per cent iron ammonium citrate 
solution. The blood urea nitrogen curves were quite flat one and two 
days later, showing no azotemia following administration of rather 
large doses of iron (1 Gm. of iron is the amount normally present in 
1,000 ¢.c. of human blood''). 

Effect of Urea.—It is well known that urea given by mouth will in- 
erease the blood urea content. The possibility arises therefore that the 
urea contained in red blood cells might explain their greater effect in 
production of alimentary azotemia as compared to plasma. Comparison 
of the figures represented in Table I readily dispels this idea. It is seen 
that the average urea nitrogen content of beef plasma is 13 mg. per cent, 
while that of beef red cells is only 14.6 mg. per cent, an inappreciable 
difference. 

SUMMARY 


The intragastric administration of citrated beef blood cells in five 
experiments revealed an initial elevation of blood urea nitrogen within 
four hours and a maximum concentration between five and twelve hours 
(depending on the amount and number of doses given) with a return 
to normal in twelve to seventeen hours following the last administration 
of cells. 

Five dogs were given varying amounts of beef plasma into the 
stomach. Four of these revealed an initial elevation of blood urea 
nitrogen between four and eleven hours, a maximum concentration be- 
tween eight and eleven hours (depending on the amount and number of 
doses given) with return to normal levels in five and one-half to twenty 
hours following the last administration of plasma. One dog revealed no 
elevation above normal. The average degree of azotemia attained for 
plasma-fed dogs was much less than that of the cell-fed dogs. 

A comparable curve was obtained in white rats following administra- 
tion of blood cells into the stomach, 

Two dogs were fed 60 and 100 Gm. of pure hemoglobin respectively. 
Both showed an initial elevation of blood urea nitrogen in four hours, 
a maximum elevation in twelve hours, and a return to normal in twenty- 
eight hours. 

Two dogs were fed large protein meals and showed an initial elevation 
of blood urea nitrogen in one hour, a maximum concentration in five 
hours, and a return to normal in twenty-five hours. 

Blood urea nitrogen values were not elevated in two dogs given 1 Gm. 
of iron (10 per cent iron ammonium citrate) each by stomach tube. 


Analysis of the blood cells and blood plasma used indicated that the 
greater activity of cells in comparison to plasma in producing a rise of 
blood urea nitrogen could not be explained by an excess of urea inherent 
in the cells, 
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CONCLUSIONS 


1. Alimentary azotemia seems to be due to the red cell element of 
blood to a greater degree than to the plasma fraction. 

2. Since marked rises in blood urea nitrogen were also obtained fol- 
lowing ingestion of hemoglobin and protein, the rise caused by ingested 
blood probably is due to and to a large extent proportional to the re- 
sultant absorption of protein from the gastrointestinal tract. 

3. The ingestion of iron in large amounts was found not to produce 
alimentary azotemia. 
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REPAIR OF THE LARGE UMBILICAL HERNIA 
E.uiorr MicHELson, M.D., AND WILLIAM Rarre., M.D., BALTrMorRE, Mp. 
(From the Surgical Service of Sinai Hospital) 

HE surgical treatment of the umbilical hernia depends upon its size. 
The umbilical hernia possessing a small sae is usually found in the 


young and thin, is surrounded by excellent fascia and offers no problems 


to the operator since it can be easily repaired by any number of simple 
methods with excellent end results. We are concerned in this paper 
with the large umbilical hernia which occurs in older and obese people, 
has relatively poor contiguous fascial structures, and is apt to recur 
in over 10 per cent of the cases when the best type of operation is per- 
formed. 

The small umbilical hernia was adequately controlled even before 
the time of Celsus by reduction and simple forms of trussing. The 
larger types were always difficult to reduce and even less amenable to 
binding until Lueas-Champonniére in 1881' successfully executed the 
open operation by overlapping the lateral edges of the rectus fascia. 
Eighteen years later William J. Mayo? suggested the transverse over- 
lapping of the fascial flaps and this procedure is today recognized as 
most satisfactory. The incidence of over 10 per cent recurrence*® using 
the Mayo technique has led us to develop a modification which obviates 
certain known faults. 

The umbilical hernia starts as an outpouching through the weak area 
at the upper angle of the umbilicus at the site of the obliterated omphalo- 
mesenteric vein. The vectors of force at this point are outward and 
downward and as the pouch increases in size, the bowel and omentum 
insinuate through the neck and push the lateral edges of the recti out- 
ward, Since in the large hernia the rectus muscle cannot be brought 
to the midline, the repair can only make use of the contiguous fascia. 
The transverse overlapping is recognized as an excellent procedure in 
strengthening the fascial closure, but what has not been suggested in the 
past is the possibility that the abdominal contents following the vectors 
of force may be insinuated between the flaps if the method of Mayo is 
used. We have imbricated our flaps in a manner exactly opposite that 
of the Mayo method by placing the upper flap posterior to the lower flap 
as seen in Fig. 1. The second weak spot in the Mayo repair is at the 
lateral angle. When one imbricates two straight fascial edges, one finds 
that either the lateral angles are not overlapped or an oblique tunnel 
is formed at either angle. This fault was recognized by Stone* and 
corrected by a method of plication which, however, did not overlap the 
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first fascial layer. By curving the lateral angles upward we have pro- 
duced a convex upper flap and a concave lower flap that permit over- 
lapping at all points, prevent tunnel formation at the angles, and 
do not introduce further weakening areas of the wall. 


OPERATION 

A transverse elliptical incision is made about the umbilicus extending 
through the skin and subcutaneous tissue to the aponeurosis of the rectus. 
The fascia is then cleaned for a distance about the neck of the sae and 
the sac entered. With a finger in the peritoneal cavity, the sac is com- 
pletely excised together with overlying skin. The contents of the sae are 
reduced and repair follows. If the neck of the sac has not been enlarged 
during taxis of the hernial contents, it is now done, the incision being 


Fig. 1.—A. In the Mayo umbilical hernioplasty the vectors of intra-abdominal force 
(indicated by arrows) allow insinuation of contents between the fascial leaves. B. 
Modified technique shows lower fascial flap anterior to upper flap with no insinuation 
of intra-abdominal contents possible. 
extended at the angles, cutting in an upward curve for a distance of 
5 to6em. This distance may be increased without weakening the wall. 
The flaps having been cleaned of fat and connective tissue, the upper 
flap is placed posterior to the lower flap and interrupted sutures of E 
silk inserted, the needle being passed through the lower flap from with- 
out inward, then through the upper flap in mattress fashion and back 
through the lower flap from within outward. (Fig. 2.) No attempt 
is made to close peritoneum separately, the suture traversing both rectus 
fascia and peritoneum. The sutures are placed at 2 em. intervals and 
all are inserted before the knots are secured. The overlapping or re- 
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dundant edge of the lower fascial flap is then sutured to the upper rectus 
fascia with interrupted E silk. No sutures are placed in the subeutane- 
ous layer and the skin is closed with fine silk. In cases of marked obesity 
a small stab wound is made lateral and dependent to the incision and a 
rubber dam drain inserted. 


Fig. 2—A. Sac has been removed and neck enlarged by extension of the incision 
in a curve upward at the angles. A convex upper flap and a concave lower flap are 
shown as result of this extension. Interrupted sutures are placed, bringing lower 
flap above upper flap. B. Repair completed by suturing redundant fascial flap to 
upper flap. 


COMMENT 


We suggest a modification of the Mayo operation because its use has 
been attended by a moderately high percentage of recurrences in the 
hands of skilled surgeons. There are two definite weaknesses in the 
Mayo repair which can be prevented. The first is responsible for re- 
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currences at the central portion of the incision and is due to insinuation 
of abdominal contents between the imbricated fascial leaves. The second 
weak area is at the lateral angle and is due to overlapping of straight 
fascial edges. The operation described above strengthens the central 
weak area, prevents insinuation of abdominal contents through the 
fascial leaves, overcomes the weak imbrication at the angles, and prevents 
tunnel formation. It can be used in all types of umbilical hernias but is 
recommended only for the large adult cases since the small hernia ean be 
cured with less radical surgery. 


CONCLUSIONS 


Modification of the Mayo operation for large umbilical hernia is sug- 
gested. 

Recurrences at the central portion of the repair are probably due to 
insinuated contents through fascial layers and are here obviated by 
placing the lower flap anterior to the upper flap. 

Recurrences at the lateral angles may be due to faulty imbrication of 


straight fascial edges and are here remedied by using curved fascial 


flaps. 
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Editorial 








A ‘‘New’’ Polio Treatment 


NCE AGAIN the popular press has grasped a spectacular piece of 
medical news and greatly distorted it. The saga of Sister Kenny 
of Australia and her polio cure, which was first discussed in medical 
journals in 1938, has now reached the Hearst American Weekly (Aug. 
17, 1941) where medical men are characteristically flayed for their 
needless conservatism and inordinate ignorance. Her empiric methods 
of hot packs and muscle training are described as likely to revolutionize 
the treatment of poliomyelitis and to effect cures in more than half the 
‘ases treated. 
Careful statistical studies of Sister Kenny’s methods have been under- 
taken by Wallace Cole and his associates at the University of Minnesota, 
‘abandonment of 


‘ 


and from these it can be determined whether this 
immobilization’’ is of any real value or not. Nevertheless until the 
Minneapolis investigators submit their final report this entire question 
must remain unsettled. 

That others devised similar therapeutic methods long ago is well 
illustrated in a forthcoming history of medicine in Texas,? wherein 
Elena Zamora of south Texas describes her father’s cure: 

‘‘When a young boy (in the 1850’s) Porfirio Zamora and other mem- 
bers of the little settlement along the Rio Grande were stricken with 
‘El Tullidor,’ the erippler, as they called it. My father survived, but 
was left with arms and legs entirely paralyzed. He had no strength in 
his neck to keep him erect so he had to lie in bed all the time. One day 
an Indian from the Toleha tribes, around what is now Laredo, told my 
mother that one of the Indian chiefs of that tribe could cure victims of 
‘El Tullidor.’ Grandmother knew it was a long and tedious journey 
to Las Lajas, the Indian encampment there. Preparations were made 
and the cavaleade departed. They went in ox carts escorted by men on 
horseback. When they arrived at Las Lajas they were given a large 
eabin by the Chief, Juan Castro. He told Grandmother that he was 
going to try to cure her son... and that he was to have entire control 
of the boy. Grandmother was willing to do anything that would restore 
her son to normalcy. 

‘A trough long enough for father to rest in comfortably was built 
at the chief’s orders. Then the cure began. Each morning he was taken 
to the sands and allowed to lie there while two men, who took charge 
of him, rolled him over the hot sands and covered him with them. He 
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was then taken into the cabin and dipped into the trough filled with 
goat’s milk. This milk was kept as hot as it was possible, by drawing 
off quantities of it and replacing them with hot milk. All the time he 
was in the milk trough he was being massaged and his joints moved eon- 
stantly. This treatment lasted for almost an hour. He was then bathed 
in warm clean water and put to bed... . He was left alone till late in the 
evening when he was again massaged, but this time it was with a salve 
made from goat marrow and pungent herb... . At bed time he was given 
another treatment. Every joint in his body was covered with a poultice 
made from ground corn, goat milk, and oil from the marrow of bones. 
These poultices were kept warm by dropping warm oil on the covers. 
He slept with these bandages on. The treatment continued for many 
days. He felt as if his whole skin was raw, but not uncomfortable. 
Every night before being left with Grandmother for the night he was 
given ...a tea brewed from herbs and a small quantity of Meseal. 

‘*One night father awoke and felt a very pronounced desire to scratch 
a certain place on his neck. . . . Suddenly his fingers moved, he tried 
to raise his hand and it responded, and slowly but surely, he reached the 
itchy spot on his neck and scratched it to his heart’s content. ... He 
tried the other hand, it moved also, but not as freely. He turned his 
neck and it responded. He wriggled his toes, moved his legs, and then 
he began to ery, returning thanks to God and the Old Indian. . 

‘It was not long before he was able to sit up, then stand and practice 
a few steps. All the while the treatments continued. At last he was 
well, his limbs began to fill out, he could walk for several minutes without 
aid. The miracle had been performed... .’’ 

Thus old Chief Juan Castro living in the lower Rio Grande Valley 
100 years ago anticipated the routine devised by Sister Kenny in the 
Australian Bush, and as the record shows cured at least one patient. 
Perhaps if physiotherapy methods in poliomyelitis are to be profoundly 
altered and our concepts of treatment revolutionized, the new therapy 


should properly be called the Juan Castro-Sister Kenny treatment for 


poliomyelitis. 
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RECENT PROGRESS IN THE SURGICAL TREATMENT 
OF LUNG TUMORS 


W. E. Apams, M.D., Cuicaco, IL. 
(From the Department of Surgery of the University of Chicago) 


(Continued from the November issue) 
TREATMENT 


Until within recent years, surgical extirpation of lung tissue for car- 
cinoma was attended by so great a risk that most lung tumors were 
treated either by bronchoscopic removal or by deep x-ray. After years 
of investigation, treating hundreds of patients by this methed, it has be- 
come generally believed and more recently quite definitely proved that 
bronchogenic carcinoma has not been cured by x-ray therapy.** °° In a 
recent communication Steiner®** reports the results of x-ray treatment 
and its histologic effects on both the primary growth and the meta- 
statie lesions. In no patient was a cure effected and survival was not 
noticeably prolonged by the irradiation. 

Surgical treatment has been carried out sporadically for several dec- 
ades. In 1912 a monograph on the subject was published by Adler,°° 
who states: ‘‘There is every reason to hope that the technique of this 
new branch of surgery will be still further developed and that in the 
near future thoracotomy and operations on the lungs will be attended 
by no more risk than peritoneal operations today. If this is so, a new 
and great responsibility is placed upon the shoulders of internal medi- 
cine. It will be necessary, not only to educate the opinion of the laity so 
as to induce them to submit to these operations with the same readiness 
with which they now submit to peritoneal operations, but it will also be 
the sacred duty of the physician to recognize these cases and to recog- 
nize them as early as possible. When all the means of diagnosis out- 
lined in this little study fail, where there is suspicion of tumor, but no 
assurance is possible, there should be—it is emphatically here stated—as 
little hesitation is resorting to an exploratory thoracotomy as there is now 
in submitting to an exploratory laparotomy.’’ Adler’s prediction has in 
substance come true and when his suggestions are followed beneficial re- 
sults from surgery can be expected. 

Anesthesia.—As has been previously stated, alteration of intrathoracic 
pressures with its deleterious effects on cardiorespiratory function has 
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been an important factor in the delay of progress made in intrathoracic 


surgery in general. Anesthesia is naturally very closely associated 


with the problem of preventing these deleterious effects. The main- 
tenance of sufficient lung function during a surgical pneumothorax is 
of paramount importance to the success of the operation. The prin- 
ciple of the negative pressure chamber, as well as that of the positive 
pressure anesthesia technique originally administered by means of an 
intratracheal catheter has been applied to overcome this hazard. In- 
tratracheal positive pressure anesthesia has enjoyed much suecess in 
performing this function. ‘‘Controlled respiration’’ without voluntary 
respiratory effort on the part of the patient may be obtained by the 


Fig. 7.—Kymographic tracing showing the fall in systemic blood pressure with 
periods of apnea due to increased continuous intrabronchial pressure from 8 to 52 mm. 
Hg. Some degree of transitory overcompensation on release of pressure is noted in 
both blood pressure level and respiratory activity. (B. P. Blood pressure. 7. B. P. In- 
trabronchial pressure. ) 


use of the proper mixtures of anesthetic agents administered under 
certain pressures. It also prevents suffocation by spasm of the glottis 
and, furthermore, allows for the aspiration of mucus and pus from the 
tracheobronchial tree, both during and at the termination of surgery. 
Because of its obvious usefulness, intratracheal positive pressure anes- 
thesia has been widely accepted, and without sufficient attention being 
given to possible hazards or disadvantages. That these are present 
and may lead to disastrous results is evidenced by the reports of 
Stephens,*® Bradshaw,** Bourne,®* and Heidrick and eco-workers.*® 
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Elsberg™ is usually credited with having performed the first thoracic 
operation using intratracheal insufflation anesthesia and in 1911 re- 
ported more than one hundred cases with very satisfactory results. 

Little investigative work has been reported on the deleterious effects 
of positive intrabronchial pressure on the cardiorespiratory function in 
general, and on the parenchyma of the lung in particular. Macklin®® * 
produced mediastinal emphysema and pneumothorax following overdis- 
tention of an isolated portion of the lung in eats. He demonstrated 
interstitial emphysema about the vaseular tree of the lung with air pro- 
gressing toward the hilum and into the mediastinum, and reasoned that 
the pneumothorax was secondary to the emphysema. Pressures employed 
in his studies varied from 10 to 200 mm. of mereury. His findings were 
substantiated by Marcotte and his associates®* in our laboratory, the 
intrabronchial pressures necessary for the production of mediastinal 
emphysema being determined. A study of the alteration of the arterial 
blood pressure was also made at the same time. Briefly, it was found 
that in the dog a routine fall in the systemic arterial blood pressure of 
8S to 10 mm. of mereury resulted from an elevation in intrabronchial 
pressure of 6 mm. of mereury. Intrabronchial pressures of 24 mm. of 
mereury or above were routinely accompanied by the development of 
mediastinal emphysema. The latter effect was produced in cats with 
only 20 mm. of mercury. 

That such deleterious effects occasionally oceur from the clinical use 
of intratracheal positive pressure anesthesia is seen in reports by Brad- 
shaw, Heidrick, and others as above stated. These findings do not 
necessarily indicate that positive pressure anesthesia should be abolished 
but that minimal pressures should be used and that one should be cog- 
nizant of such deleterious effects of high pressures. 

That positive pressure anesthesia is not always a prerequisite for 
intrathoracic surgery is demonstrated by the use of spinal anesthesia, a 
method which has been extensively employed with satisfactory results by 
surgeons both in Canada and England. T. Edwards*® reported the use 
of pereaine (1:1,500) with consistent anesthesia up to the level of the 
third dorsal segment maintained for well over two hours. He stated 
that the ‘‘advantages of cutting off nerve impulses arising from separa- 
tion of dense adhesions between lung and chest wall and thereby limiting 
shock are obvious and although it is common to see a preliminary fall in 
blood pressure due to the anesthetic to rise during the later stages of the 
operation, when the operative effects should be appearing.’’ When spinal 
anesthesia is used and cough produces respiratory distress, damage is 
‘‘eontrolled by the administration of a little oxygen given under light 
positive pressure, with a firm-fitting face piece.’”’ 

In the United States, surgeons have usually preferred general anes- 
thesia using cyclopropane or ethylene-oxygen mixtures. Although intra- 
tracheal catheter administration has been widely employed, an ever- 
increasing number of surgeons have discontinued its use because of the 
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likelihood of introduction of infectious material from the mouth into the 
lower respiratory air passages or of injuring the mucous membrane of 
the tracheobronchial tree with subsequent inflammatory changes.*” °° 
We have found ethylene-oxygen administered through a snug-fitting face 


piece a very satisfactory anesthesia for various types of intrathoracic 


operations. 

In conclusion, one may say that the simplest type of anesthesia, un- 
hindered by complicating apparatus or traumatizing procedures in which 
minimal positive pressure is possible, is the anesthetic of choice. The 
method should facilitate good exposure, provide adequate oxygenation 
and support to respiration, necessitate minimal motion of the lungs with 
least interference of cardiorespiratory function, be nonirritating to the 
respiratory passages and minimize postoperative complications. 


PREOPERATIVE PREPARATION 


Preoperative preparation should include both local and general meas- 
ures that best fit the patient for the alteration in cardiorespiratory func- 
tion both during and following the surgical procedure. Not infrequently, 
a blood transfusion is necessary because of the existing anemia. Cross- 
matching for further transfusion either during or possibly following 
operation is also an essential procedure. Careful check-up of the eardio- 
vascular system will lower the incidence of postoperative shock and 
eardiae failure. The question of preoperative digitalization as yet has 
been unsettled but may prove of definite value in certain individuals. 

Where the necessity of total pneumonectomy is obvious, preliminary 
pneumothorax has several advantages. It not only gives information re- 
garding the presence of adhesions between the lung and chest wall, as 
well as some of the characteristics of the existing tumor, but prepares the 
patient for eardiorespiratory function using only one lung following the 
operative procedure. By reducing the lung function slowly over a period 
of several days, the shock is thought to be much less severe than when 
the procedure is accomplished suddenly during the operation. The re- 
duction in size of the lung to be removed is also of some advantage at 
the time of operation. 

Rienhoff** has advised the use of beef broth for the production of 
granulations lining the pleural space prior to operation. This is aecom- 
plished by the use of 50 ¢.c. of beef broth bouillon introduced into the 
pleural eavity following the induction of pneumothorax. An effusion 
is produced which increases for approximately two days with poly- 
morphonuclear leucocytes predominating. Within five to seven days 
the predominant cell is changed as the lymphocytes increase. The object 
of this procedure is to prepare a defensive wall against infection of the 
pleural space following surgery. This procedure as yet has not been 
widely used but may have value where few or no adhesions exist between 
the lung and chest wall. 
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THE QUESTION OF OPERABILITY 


Contraindications to operation may be directed toward the general 
condition of the patient or to local or metastatic involvement by the 
tumor. If the cardiovascular system is obviously markedly below par 
or if other degenerative changes have produced considerable debilita- 
tion, it is obviously unwise to subject the patient to such a major opera- 
tion as pneumonectomy. Since the mortality of bronchogenic carcinoma 
has been practically 100 per cent without surgical intervention, many 
patients have been treated by resection of the involved lung where little 
hope was entertained for a permanent cure. With increasing experience, 
however, many of these hopeless conditions became obvious when explora- 
tory laparotomy was performed, thus helping to prevent the operation 
from falling into disrepute. 

As in the ease of malignant tumors elsewhere in the body, obvious 
metastases contraindicate surgical intervention. When signs, symptoms, 
and diagnostic methods reveal no evidence of metastatic involvement, an 
exploratory thoracotomy is indicated. Considerable discussion regarding 
the presence of mediastinal glandular involvement as being a contra- 
indication to surgery has not led to a universal agreement. It is known 
however that tumor-bearing lymph nodes may be removed together with 
the involved lung and the patient remain healthy and active without 
evidence of recurrence or metastatic involvement for some time.*** This 


question will probably be better answered as more experience is gained 
in the handling of the tumor. 


OPERATION 


The earlier operations performed for primary lung tumors consisted 
chiefly of the removal of one lung lobe or a portion of a lobe. Subse- 
quent observations revealed that recurrence of the tumor or continua- 
tion of growth of the metastases was apt to result in a high percentage 
of patients where this was carried out. The operation of choice, there- 
fore, was found to be a total pneumonectomy with resection of the medi- 
astinal lymph nodes. More recently, a two-stage pneumonectomy has 
been devised and earried out by Rienhoff®® in this country and by 
Edwards” in England. This procedure has been reserved more espe- 
cially for older or poor-risk patients in whom the one-stage operation 
is too dangerous. In performing a total pneumonectomy, careful dissec- 
tion of the vessels and bronchus at the hilum with individual ligation of 
the former is the procedure of choice. This enables a higher division of 
the primary bronchus and an adequate exposure for removal of mediasti- 
nal lymph nodes. Thus, by resection of an adequate amount of the tumor- 
bearing tissue at its primary site and the regional lymph nodes which 
are the first to be involved by metastases, a much higher percentage of 
permanent cures may be expected. 


*Patient reported is living and well four and one-half years following operation. 
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That there remains an indication for lobectomy in the treatment 
of a small percentage of slow-growing bronchogenic carcinomas is 
a view held by a number of authors.*? This group of tumors origi- 
nates in the primary stem bronchi, and they are very slow to invade 
adjacent structures or to metastasize. Since the risk of pneumonectomy 
still remains considerably higher than that of lobectomy, if the latter 
operation is adequate to remove all tumor-bearing tissue, it is thought 
to be the procedure of choice in these patients. 

Approach.—Three main sites for approaching these operations have 
received considerable attention; namely, anterolateral, posterolateral, 
and lateral. The anterolateral approach which enters the pleural space 
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Fig. 8.—The anterolateral approach, showing the line of incision beneath the breast. 
With the pectoral muscles divided and elevated upward the pleural space is entered 
—— wed nage a sascngammay space. The third and fourth costal cartilages may be 
through the third or fourth interspace from the lateral border of the 
sternum to the postaxillary line received earlier attention for total pneu- 
monectomy. The incision may be made either along the crease beneath 
the breast (especially in women) or just over the nipple along the line 
of the interspace, and the procedure may or may not include the division 
of the second, third, fourth, and fifth costal cartilages. Graham" and 
Overholt’? have been strong advocates of this latter procedure; whereas, 
Rienhoff** approaches through the third interspace without the division 
of ribs or cartilages. The anterolateral approach is especially applicable 
for pneumonectomy because of its adequate exposure of the anterior 
aspect of the hilum for a detailed dissection of its structures. It also 
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gives visibility for the division of adhesions in the anterior and superior 
aspects of the pleural space which are apt to be present in the case of 
carcinoma of the upper and middle lobes. This approach has been used 
for many years by Graham and T. Edwards and others for the removal 
of anterior mediastinal tumors, and if the incision lies beneath the breast 
in women, it may leave little evidence of sear fo!\owing healing and 
little or no deformity visible on x-ray examination. 

The posterolateral approach is made through an incision along the 
course of the seventh rib from its angle posteriorly to the anterior axil- 
lary line and may include the resection of a long segment of this rib sub- 
periosteally with or without the division of the fourth, fifth, sixth, and 
eighth ribs posteriorly. This approach is used more especially for 
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Fig. 9.—The posterolateral approach. The incision is made along the course of the 
seventh rib, extending upward near the spine posteriorly. The pleural s; ace is entered 
through the seventh rib bed. Small segments of the sixth and eighth ribs posteriorly 
have been removed. 
lobectomy, rather than for pneumonectomy, and has the advantage of 
permitting better visibility for the division of adhesions posteriorly and 
inferiorly between the lower lung lobe and the diaphragm. Since infec- 
tion subsequent to obstruction of the bronchial tree by the tumor is 
present in a high percentage of cases, pneumonitis and bronchiectasis 
with subsequent inflammatory reaction between visceral and parietal 
pleurae with the production of adhesions are common complications. The 
disadvantage of this approach for pneumonectomy lies in an inadequate 
exposure of the anterior aspect of the hilum, a factor of great impor- 
tance in the dissection of the hilar structures in the resection of the lung. 
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More recently, a lateral approach has been devised and utilized by 
Crafoord,’* of Stockholm, and at the present time is receiving ever- 
increasing favor in other parts of the world. This approach utilizes an 
incision along the course of the fifth rib, extending from the fourth rib 
at its angle posteriorly, downward and forward to the costochondral 
junction of the fifth anteriorly and dipping beneath the scapula on its 
way forward. After division of the muscles of the chest wall and eleva- 
tion of the scapula almost the entire length of the fifth rib is removed 
subperiosteally. This approach combines all of the advantages of the 
two former approaches, thus the explanation for its increasing favor. 
It allows for more adequate exploration under direct vision and facili- 
tates materially the removal of the involved structures. 
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Fig. 10A.—The lateral approach. Insert shows the skin incision over the course of 
the fifth rib anteriorly and curving beneath the scapula posteriorly. After elevation of 
the scapula most of the fifth rib is resected and the pleural space entered through this 
rib bed. 


Before making the incision for entering the chest, intravenous saline 
administration is begun and continued at a slow rate throughout the 
operation. If exploration reveals the tumor to be operable, blood for 
transfusion is substituted for the saline solution and administered at a 
slow rate during the lung resection. During the entire procedure, 
blood pressure and pulse recordings are made at five-minute intervals 
and the surgeon is informed if any severe alteration occurs. 

On entering the pleural cavity, examination of the tumor is immedi- 
ately carried out to ascertain operability. The degree of fixation to 
the mediastinum is of importance in determining this factor. Mediasti- 
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nal lymph nodes may be enlarged due to infection complicating the 
primary condition. Adhesions are divided and oozing of blood is con- 
trolled by direct application of warm, moist sponges. As previously 
mentioned, where adhesions are dense and extend over a wide area, 
shock may be so severe as the result of their separation that the two- 
stage operation is indicated. This consists of the mobilization of the 
pulmonary artery and its division between ligatures. The wound is 
then closed and the lung removed at a second stage. Where few dense 
adhesions are present and little shock is observed in their division, the 


one-stage operation is advisable and proceeds as follows: The dia- 
phragm on the involved side is paralyzed by the division of the phrenic 


Fig. 10B.—Photograph of patient showing healed incision of the lateral approach to 
the pleural cavity. 


nerve between ligatures. This reduces the amount of motion in the 
lung to be removed and helps to reduce the residual space subsequent 
to surgery. Careful dissection of the hilar structures with mobilization 
of the main pulmonary artery and two pulmonary veins necessitates 
entering the mediastinal region, since that portion of the vessels lying 
outside of the mediastinum is too short for adequate ligation before 
division. Ligation of the vessels is best performed with nonabsorbable 
silk or linen sutures, rather than catgut, since the latter is more apt to 
slip, resulting in a fatal hemorrhage. The vessels are then divided 
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between ligatures, two of which have been placed proximal and one 
distal to the site of division. To insure permanent closure of the 
vessels a transfixion suture may be used for one of the two proximal 
ligatures. The mediastinum is then explored and all lymph nodes 
removed. 

Reflex Effects During Operation Considerable emphasis has been 
placed by some authors on the deleterious effects during the dissection 
of the hilar structures, clamping of the bronchus, and ligation of the 
pulmonary artery due to reflex activity. It is well recognized that 
serious cardiorespiratory disturbances may result from reflex action due 
to stimulation of nerve endings in the parietal pleura, at the root of the 
lung, and in the mediastinum. The nerves over which these impulses 
must pass include the vagus, sympathetic, phrenic, and intercostal. This 
reflex action may be abolished by local anesthesia and may be increased 
by light general anesthesia. Morrison*? produced sudden death in rab- 
bits by crushing the pedicle with a clamp which produced an arrest of 
respiration in the inspiratory phase. This action could be prevented by 
first sectioning or injecting the vagus nerve proximally with novocain. 
Cardiae arrest was also produced by Nissin** and by O’Shaughnessy®* “ 
by clamping or ligating the hilum en masse in experimental animals. 
Dissection of the hilum may oceasionally cause a slowing of the heart 
rate and lowering of the systemic blood pressure, the degree of which is 


of little consequence.'*® Temporary cardiac arrest has been reported due 


to this procedure, and pneumonectomy was prevented in one case when 
eardiae arrest resulted on attempts to clamp the pulmonary artery.” 
This is unusual, however, little change in blood pressure level or heart 
rate being the common observation. Animal experimentation carried 
out in monkeys and dogs by Monod* bears out the above clinical obser- 
vations. Although inhibitory effects were noted, they were never suffi- 
ciently strong to produce cardiae arrest even with rough handling of 
the lung root or crushing the hilum en masse including the vagus nerve. 
Cocaine applied to the hilum before dissection has been advocated to 
avoid these reactions. I have never observed these untoward effects and 
from personal communications have been led to believe that they have 
been overemphasized. 

Closure of Bronchial Stump.—Following the division of the pulmo- 
nary artery and veins, the primary bronchus is freed from the surround- 
ing structures to a point not more than 2 em. below the bifurcation of the 
trachea. The point of division of the bronchus will depend chiefly on 
the site of the tumor, a fact determined by bronchoscopy prior to opera- 
tion. Cases have been reported in which even the lower part of the 
trachea has been resected for extremely high-lying tumors. Several 
methods for managing the bronchial stump have been advocated, but 
none has proved successful in 100 per cent of the cases. Leakage fol- 
lowing closure of the stump has been one of the major causes of serious 
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postoperative complications. These complications include empyema, 
tension pneumothorax, pneumonia in the remaining lung, and sudden 
drowning of the remaining lung by fluid collected in the residual pleural 
space. These complications have given rise to the oft-repeated but as 
vet unanswered question as to whether thoracoplasty should be per- 
formed at the time of or following the pneumonectomy. 

It was well established at an earlier date by Bettman,** and later sub- 
stantiated in this laboratory,” that the healing power of the bronchus 
per se was peculiar in nature; thus when the bronchus was occluded by 
mass ligature following resection of an entire lung, reopening of the 
same could be predicted in a high percentage of animals. The explana- 
tion of this complieation was chiefly on the basis of lack of healing in 
the bronehus per se when the lining mucosa remained intact. When the 
mucosa was destroyed by crushing of the bronchus or by cauterization 
prior to its obliteration by ligature or suture, reopening could be pre- 
vented in a high percentage of cases. Division of the bronchus in a 


biased direction and utilization of the museulofibrous portion for cover- 
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ing the end of the cartilaginous portion has been advocated by Rienhoff 
as an additional safeguard against reopening. In young individuals, 
after closing the end of the bronchial stump by a row of interrupted 
sutures, inversion of the stump, as in treating the stump of an appendix, 
may be brought about by a series of interrupted mattress sutures. In 
older individuals, however, where the cartilages have become quite rigid, 
this is not possible. A more substantial closure in these cases must be 
obtained by the use of mattress sutures placed above the line of inter- 
rupted sutures closing the end of the bronehus as advocated by Overholt 
and others. Destruction of the bronchial mucosa by chemical cauteri- 
zation has the advantage that raw surfaces of the bronchus are ap- 
proximated by the mattress sutures and should give rise to more rapid 
solid healing. In closing the bronchial stump care should be taken not 
to disturb the bronchial artery since that portion of the bronchus distal 
to ligature or mattress sutures is partly nourished by this means. Fol- 
lowing closure of the bronchus, burying the same in the mediastinum 
or covering it with a free lung parenchymal graft, as advocated by 
Churchill, may further enhance solid healing without subsequent re- 
opening. This is a debated question, however, some prefering to leave 
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it protruding into the pleural space.*' Clean drapes are now placed 
about the wound, a change of gloves is made and a ¢lean set of instru- 
ments used for closure of the wound. Protection of the wound edges 
by moist lap sponges during surgery will encourage healing by primary 
intention. Closure is made in layers, using a double strand of No. 0 
chromie eatgut for pericostal sutures placed around the ribs above and 
below the incision and a continuous suture of No. 00 chromie catgut for 
the intercostal structures. The muscles are carefully approximated with 
interrupted sutures of the latter material and closure completed without 
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drainage. After closure is complete, a needle introduced into the pleural 
space is attached to a pneumothorax apparatus to determine the residual 
pressures. Air is then aspirated until the pressures become within nor- 
mal limits; i.e., minus 8 to 10 em. of water. T. Edwards and Harrington 
have advocated drainage of this space following surgery for the removal 
of accumulated fluid and maintenance of pressure relationships. The 
drain is removed twenty-four to seventy-two hours later in order to avoid 
infection of the residual pleural space. 

Postoperative Care.—The amount of blood lost during surgery and the 
degree of shock at the end of surgery determine whether a second blood 
transfusion is indicated. A higher percentage of successful results will 
be obtained where the free use of blood transfusions is employed when 
indicated. After the return of the patient to his room, oxygen is ad- 
ministered by a nasal catheter or by tent. If given by nasal catheter 


at the rate of 10 to 12 liters per minute, the amount may be sufficient 


for most patients. In the presence of a humid atmosphere or extreme 
elevation of temperature, oxygen given by the tent method is advisable. 
By either method, oxygen administration will diminish the strain on the 
‘sardiorespiratory system and reduce very definitely the incidence of 
eardiae failure. An apparatus readily available for the administration 
by mask of oxygen under pressure is advisable for occasionally its im- 
mediate use may be necessary. 

Some authors, notably Rienhoff, have advocated the Trendelenburg 
position in bed for twenty-four hours following operation, maintaining 
that this permits free bronchial and tracheal drainage with minimal 
effort to the patient. Other surgeons favor the semisitting posture in 
which position cough and expectoration are somewhat facilitated. In 
either case, change of position from one side to the other or to the back 
every two or three hours while the patient is awake during the first two 
or three days is indicated. This helps to prevent the development of 
pneumonia in the remaining lung and tends to aid cireulation. Adminis- 
tration subeutaneously or intravenously of 2,000 to 3,000 ¢.c. of saline 
solution or glucose daily during the first two or three days is indicated. 
A sudden rise in temperature to 101 or 102° with a somewhat rapid fall 
may be expected for the first two or three days. Some of this elevation 
is due to the absorption of blood from the pleural cavity and may persist 
for one or two weeks. 

Examination of the chest by fluoroscopy or x-ray every two or three 
days is indicated in order to determine the condition of the residual 
pleural space and of the remaining lung as well as the position of the 
mediastinum. It is usually unwise to remove air or fluid from the 
residual pleural space to the point of creating high negative pressures. 
The air persisting there is gradually absorbed and replaced by fluid of a 
serosanguineous nature. When the pleural space is not prepared by the 
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use of beef broth prior to operation, the fluid found at this site following 
operation remains in a fluid state for at least several weeks or months 
following surgery. 

Where healing of the wound oceurs by primary intention, the patient 
may be able to sit out of bed by the end of two to three weeks and may 
be discharged from the hospital by the end of three or four weeks. If a 


Fig. 11.—Modified double Wangensteen portable suction apparatus found to be 
satisfactory for draining and obliterating the pleural space following intrathoracic 
operations. A manometer connected with the tubing between the two upper flasks aids 
in determining the amount of suction applied to the pleural cavity. 


cough develops or is persistent after operation, reopening of the bron- 
chial stump with the production of a bronchial fistula must be suspected 
and is determined by bronchoscopic examination. In this event, an em- 
pyema of the residual pleural space must be expected and necessitates 
drainage of this space. Complete healing of the empyema may occur 
following adequate drainage with or without subsequent obliteration of 
the space by thoracoplasty.*® 
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READJUSTMENTS FOLLOWING PNEUMONECTOMY 

During the past eight years sufficient clinical material has been ob- 
served upon which definite conclusions can be based regarding the physi- 
eal and physiologic alterations following pneumonectomy. Some of these 
may be observed within the first few hours after operation; viz., reduced 
respiratory movement on the side of surgery, with narrowing of the 
intercostal spaces, elevation of the diaphragm, and shifting of the medi- 
astinum toward that side. These changes increase in degree during the 
subsequent few months and in addition there is a sinking of the pleural 
apex and a mild degree of scoliosis with the econeavity toward the side 
on which the operation was made. 

Residual Pleural Space.—Following the removal of an entire lung on 
one side the pleural space fills with a serosanguineous transudate and 
the air is gradually absorbed. It is usually unnecessary to remove air 
or fluid from this space following surgery provided a normal negative 
pressure is established after closure of the wound. As stated, some sur- 
gveons (Edwards,'® Harrington*') prefer to drain this space for twenty- 
four to seventy-two hours in order to maintain a negative pressure. 
Rienhoff** ** reports that the accumulating fluid coagulates within a few 
days, with the formation of many pockets in the meshes of a fibrous 
tissue network. In our experience this fluid remains uncoagulated for 
weeks or months®* and becomes serofibrinous in character. The space is 
markedly reduced in size by elevation of the diaphragm, some shift of 
the mediastinum, contraction of the chest wall, and thickening of the 


parietal pleura. An autopsy performed on a 58-vear-old man who died 


of general peritonitis nine months after total left pneumonectomy re- 
vealed 125 ¢.e. of serofibrinous exudate occupying a cone-shaped space 
made by a contracted parietal pleura which varied from 0.5 to 2 em. in 
thickness.*° The discrepancy between these findings and those of Rien- 
hoff’s report may well be explained by the preoperative preparation in 
his patients with beef broth which stimulates granulation tissue pro- 
duction. 

In children, the mediastinum is able to shift more easily than in adults. 
Thus the lung on the uninvolved side actually herniates into and dimin- 
ishes the size of the residual pleural space. This is also true in dogs 
and in addition little or no pleural fluid or parietal pleural thickening 
is found following pneumonectomy.*® 

That the accumulation of fluid in the residual pleural space consti- 
tutes a real hazard is emphasized by the report of sudden death from 
asphyxia due to flooding of the remaining lung by sudden opening of 
the bronchial stump.** This is one factor that has given rise to the fre- 
quently debated but as yet unanswered question as to whether a thoraco- 
plasty to obliterate this space should not accompany or follow the pneu- 
monectomy. 

The Remaining Lung.—Due mainly to the shift of the mediastinum 
and also to some extent to lowering of the diaphragm on the unin- 
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Fig. 12.—Microscopic appearance of the lung following reduction of lung function 
to three lobes (38.7 per cent). Note uniform dilatation of the terminal respiratory 
units with no evidence of emphysema, (A. X7. B. X20.) 
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Fig. 13.—Microscopic appearance of the remaining one upper lobe following the 
resection or collapse of the other five lobes (lung function remaining approximately 
15 per cent). Note marked dilatation of the terminal respiratory units more especially 
near the surface of the pulmonary tissue. In some places emphysematous changes are 
demonstrable. (A. X7. B. X20.) 


Complete report of case shown in Figs. 6 A-D to appear in SURGERY, 





1020 . SURGERY 


volved side,** the remaining lung fills a larger space following total 
pneumonectomy. Whether there is actual hypertrophy, hyperplasia, 
or true emphysematous changes has been a controversial subject. Rien- 
hoff believes that neither of these oceurs but that there is a simple 
overdistention of the pulmonary tissue, a view shared by most authors. 
This change is more marked following removal of the left lung since 
the right lung herniates into the left pleural space more easily than 
contrariwise. This is thought to be due chiefly to the anatomical 
arrangement of the mediastinal structures. Rienhoff has found similar 
alterations in both children and adults varying only in the degree of 
severity. 

Considerable animal experimentation regarding the reduction of lung 
function has resulted in the following conclusions: If no more than 
one lung is removed in dogs and cats, only compensatory overdisten- 
tion with no production of true emphysema of the lung occurs (Rien- 
hoff, Reichert, and Heuer**). In rabbits some areas showed changes 
analogous to compensatory emphysema following total pneumonectomy 
(Morrison™). In rats (Hibber**) and in young eats (Longacre and 
Johansmann®’) actual hyperplasia oceurs following pneumonectomy. 
Behrend and Mann*' however, believe the increased volume of the 
remaining lung is chiefly due to the use of functional units which are 
ordinarily inactive. Due to the extreme elasticity of lung tissue, 
Phillips and his associates*® and Rasmussen and his co-workers®? of 
this laboratory found it impossible to produce true emphysema until 
only one upper lobe or about 15 per cent of the lung tissue was funce- 
tioning. The lobes revealed marked dilatation of the terminal respira- 
tory units including the alveoli, air saes, atria, and alveolar ducts, the 
overdistention being especially marked in the latter. There was some 
fragmentation of the walls of the alveolar ducts, but the alveoli for 
the most part were intact, with no destruction of elastic tissue and 
little disturbance of capillaries of pulmonary circulation. This latter 
is substantiated amply by both clinical and experimental evidence. 

Cardiorespiratory Reserve—Following pneumonectomy little or no 
‘ardiorespiratory embarrassment while at rest or under mild exercise 
occurs in an otherwise normal individual. The first patient to survive 
total pneumonectomy for carcinoma (performed by Graham), a doe- 
tor, is living and without symptoms more than eight vears after surgery. 
He continues his surgical practice and during ordinary activities is 
unaware of signs or symptoms of embarrassment referable to the cardio- 
respiratory system. Many like examples of a shorter duration show 
this to be the rule rather than the exception. Much light has been 


shed on this aspect of the subject by animal experimentation. As early 


as 1922 Heuer and Andrus*®* observed a temporary rise in alveolar 
‘-arbon dioxide and a fall in alveolar oxygen following pneumonectomy 
in dogs. With these changes there was an associated temporary rise 
in earbon-dioxide content and eapacity of the blood with a marked 
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fall in the oxygen content and a marked decrease in the oxygen satura- 
tion. With this Andrus” found an increase of 40 per cent in blood flow 
through the opposite lung within a few hours after pneumonectomy. 
In other studies® he demonstrated an increase in respiratory volume, 
pulse rate, hemoglobin, and red cell count within twenty-four hours 
after ligation of the left main bronchus. All of the above alterations 
excepting the hemoglobin and oxygen capacity returned to normal 
within approximately one month. 

Cardiorespiratory reserve following pneumonectomy was further 
studied by Longacre, Carter, and Quill® using induced exercises and 
anoxemie tests on young dogs before and at various periods following 
surgery. They found it to be sufficient to tolerate moderate exercise. 
According to their methods the reserve was reduced to 50 per cent by 
total pneumonectomy, but after four months this was raised to 66 per 
cent. The mechanism for this compensation could not be adequately 
explained. 

TABLE I 


RESULTS OF TEST FOR RESPIRATORY RESERVE AT REST IN NORMAL, 3-LOBE, 2-LOBE AND 

1-LoBE Docs BY REDUCTION OF ATMOSPHERIC PRESSURE IN EVACUATION CHAMBER 

(RESERVE OF 3-LOBE DoGS WAS SAME AS THAT FOR NORMAL ANIMALS WHILE THAT 
OF 1- AND 2-LoBE DoGS WAS SOMEWHAT REDUCED) * 








CONDITION OF 
STANDARD ATMOS- TIME 
ARDARD 25 ANIMAL AVERAGES 


PHERIC PRESSURE AND ALTITUDE OF 
ery TOLERATED | ASCENT 


ALTITUDE | PRESSURE % OF FUNC- ( MIN.) ALTITUDE| PRESSURE 
(FT.) |(MM. HG) TIONING LUNG ea, (FT.) |(MM. HG) 
0 760 30,500 
1,000 733 30,500 
5,000 632.4 ||/Normal (6 lobes) 29,500 30,400 221.6 
10,000 522.6 100% 32,000 
15,000 428.8 29,500 
20,000 | 349.2 917 | 32,000 
25,000 | 282 993 32,000 
30,000 | 225.6 3 lobes 3 25,000 30,000 
35,000 178.7 38% 637 31,000 
40,000 140.7 871 30,000 
2 lobes 636 27,500 26,000 269.8 
23% 869 24,500 
1 lobe 635 26,500t 
15% 621 25,000} j 25,833 
695 26,000 
*From Rasmussen, R. A., Adams, W. E., and Hrdina, L. S.: SURGERY 10: 85, 1941. 
+Failed to recover. 
tDid not become unconscious. 















































The above findings are in agreement with data more recently accu- 
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mulated in our laboratory.*® °* A more severe strain was placed on 
the cardiorespiratory function by reducing the lung function to as 
little as one upper lobe or approximately 15 per cent of normal. Studies 
of the blood revealed findings similar to those of Andrus and Heuer. 
A second series of dogs was subjected to extremely rarefied atmos- 
pheres by placing them in a chamber in which the pressure could be 
reduced. Normal dogs when subjected to this procedure were able to 
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tolerate a reduction in pressure to approximately 221.6 mm. Hg (alti- 
tude of 30,400 feet) or a pressure similar to that tolerated by man* 
before becoming unconscious. The same results were obtained when 
dogs with three lung lobes functioning (both upper lobes and the right 
middle, or about 38 per cent of normal) were subjected to the test. 
When one-lobe dogs were subjected to the procedure they became 
unconscious at 272 mm. Hg pressure (altitude 25,833 feet), thus show- 
ing a high reserve in spite of the fact that little lung tissue was funce- 
tioning. Dogs with one lung lobe functioning have been observed for 
more than three years and appear to be better compensated at the end 
of that time than immediately or a few weeks after surgery. 


RESULTS OF SURGICAL TREATMENT DURING THE PAST DECADE 


An appraisal of the accomplishments of any surgical procedure by 
the use of statistical material is usually far from satisfactory. How- 
ever, some information can be gained from reports of personal experi- 
ences or collected cases which have appeared in the literature. Thus 
a monograph by Crafoord in 1938 presented a detailed report on 12 
pneumonectomies for carcinoma of the lung with 3 successful results. 
He discussed the cause of failure in the remaining patients and de- 
scribed the technique developed during this experience. In 1939 Ochsner 
and DeBakey*’ discussed the results in 7 personal and 76 collected 
eases by twenty-three authors reported since 1933. Of these, 32 had 
survived more than 2 months and 25 were living at the time of the 
report. In 1940 Overholt and Rumel® reported the results of a per- 
sonal series of 17 pneumonectomies with 11 recoveries. Of these 8 were 
living and without evidence of recurrence or metastases up to as long 
as 614 years following operation. 

In 1941 at the twenty-fourth annual meeting of the American Asso- 
ciation for Thoracie Surgery this subject was thoroughly discussed and 
the following statistics were given: E. F. Bulter, 16 pneumectomies 
with 11 recoveries; E. A. Graham, 35 successful pneumonectomies with 
patients living without evidence of tumor at the present time: 1 for 
8+ years, 1 for 6+ years, 2 for 5+ years, 11 for 3+ years, and 20 for more 
than 11% years; his mortality for the past 18 months (20 cases) was 
25 per cent; prior to this it had at one time been as low as 12.5 per 
eent; S. W. Harrington, 9 pneumonectomies with 6 recoveries; R. H. 
Overholt, 28 pneumonectomies with 20 recoveries during the past 8 
years; the mortality rate which was 44 per cent during the first 3 years 
dropped to 21 per cent during the last 5 years; W. E. Rienhoff, Jr., 
52 pneumonectomies with a mortality of 25 per cent during the past 8 
years; N. S. Shenstone reported the results in 13 pneumonectomies; 
prior to January, 1938, there were 4 operations with 2 recoveries; since 
that date there have been 9 operations with 7 recoveries; at the Uni- 
versity of Chicago Clinics there have been 6 pneumonectomies with 3 
recoveries, the longest living and well over 4% years. 
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These statistics represent only a fraction of the total number of 
successful cases obtained both in America and abroad and are intended 
only to emphasize what has been accomplished by a small group of 
surgeons. The mortality rate per se is not prohibitive and to a great 
extent depends on the choice of patients for surgery, and the surgeon’s 
specialized training in the management of diseases of the thorax. Of 
great importance is the gradually increasing number of survivals of 
more than five years, the longest being over eight years. 

It is thus very obvious that real progress has been made in the sur- 
gical management of carcinoma of the lung. However, it is only the 
beginning, and one of the main hazards to its continued advancement, 
as pointed out by Graham, is the development of a pessimistie attitude 
among those qualified for and actively engaged in the treatment of 
these patients. Statistical results in pioneer work on a previously 
hopeless problem are bound to be discouraging. However, when one 
considers that all accomplishments have been made within one decade, 
it compares very favorably with the treatment of malignant disease 
elsewhere in the body. Undoubtedly continued improvement can and 
will be achieved. Earlier diagnoses and correlation of the pathologie 
picture with its clinical significance will be a big step in this direction. 
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Book Reviews 








Infantile Paralysis: Anterior Poliomyelitis. By Philip Lewin, M.D., Associate 
Professor of Bone and Joint Surgery, Northwestern University Medical School; 
Professor Orthopedic Surgery, Cook County Graduate School of Medicine; At- 
tending Orthopedic Surgeon, Cook County and Michael Reese Hospitals; Con- 
sulting Orthopedic Surgeon, Municipal Contagious Disease Hospital, Chicago. 
Cloth. Pp. 372, with 165 illustrations. Philadelphia, 1941, W. B. Saunders Co. $6. 


The author has produced a volume on the subject of poliomyelitis which should 
be widely used as a handbook and guide both for physicians who may be especially 
interested in the diagnosis and treatment of the disease and for the general prac- 
titioner whose interest may be only casual and occasional. It covers the subject 
from the standpoint of etiology, resistance and immunity, epidemiology, pathology, 
symptomatology and treatment, both during the immediate convalescent stage and 
the stages of late convalescence and operative treatment. 

The author has borrowed freely from the writings of others and in fact has in- 
cluded in the material sections by numerous authors of prominence whose ex 
perience gives authority to their portion of the text. 

The arrangement of this book seems excellent to the reviewer. It is adequately 
and well illustrated. It is not too large and the chapters are not too long so that 
it should be a useful textbook and handbook for those interested in this disease. 





Infantile Paralysis: A Symposium Delivered at Vanderbilt University, April, 
1941. Cloth. Pp. 293, with 47 illustrations. New York, 1941, The National 


Foundation for Infantile Paralysis, Ine. 


Recent advances in our knowledge of infantile paralysis are due in large measure 
to the liberal aid which the National Foundation for Infantile Paralysis has given 
to various groups of workers. The present volume, representing another activity 
sponsored by the Foundation, constitutes six lectures delivered at Vanderbilt Uni- 
versity by outstanding authorities in the field. Each of the lectures makes up a 
chapter. Chapter I is on the ‘‘History of Poliomyelitis Up to the Present Time,’’ 
by Professor P. F. Clark of the University of Wisconsin Medical School. Chapter 
It is by Dr. Charles Armstrong, Senior Surgeon, United States Public Health 


i) 


Service, on ‘‘The Etiology of Poliomyelitis. Chapter III on the ‘‘ Immunological 
and Serological Phenomena in Poliomyelitis’’ is by Dr. T. M. Rivers, Director, the 
Hospital of the Rockefeller Institute for Medical Research. ‘‘The Pathology and 
-athogenesis of Poliomyelitis’? forms Chapter IV, and is written by Dr. FE. W. 
Goodpasture of Vanderbilt University School of Medicine. Chapter V is a discus- 
sion of ‘‘The Epidemiology of Poliomyelitis,’’ by Dr. J. R. Paul of Yale University 
School of Medicine. The final chapter is by Dr. F. R. Ober of Harvard University 
on ‘‘Treatment and Rehabilitation of the Poliomyelitis Patient.’’ 

Each of the chapters is well documented. The bibliography is placed at the 


end of the last lecture and numbers 575 references. The subject is presented in a 
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lucid and scholarly manner, There is considerable overlapping of material in some 


of the lectures which could have been obviated by more careful editing. This repe- 
tition may have served the lecturers well, but it dulls the readers’ interest. The 
volume is well indexed. 

The contents of the volume are authoritative and the monograph is highly recom- 
mended to anyone desiring a comprehensive statement concerning the present-day 
problem of infantile paralysis, The National Foundation for Infantile Paralysis, 


Inc., is to be commended for undertaking such a project. 





Erratum 


On page 687 of the October, 1941, issue in the ‘‘ Report of the Meeting of the 
American Association for Thoracic Surgery, June 9-11, 1941, Toronto, Ontario’’ by 
John R. Paine, M.D., Minneapolis, Minn., reference is made to the Ross-Lambert 
Prize Essay read by C. A. Moyer, Boston. The award should appear as the Rose 
Lampert Graff Foundation Prize Essay. 








